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"ABSTRACT

This. report contains a description of the BOBCAT code;(Program No. 56),
. programmed for the IBM-650. The code greatly: facilitates the nuclear analysis
of APPR-type cores by performing many of the routine-calculations necessary
to obtain input to various IBM-650 and IBM-704 codes. Using fuel element geo- -
.metry, U-235 and B-10 loadings as input, the code prepares input to the MUFT-

IIl and various P3 codes as output; in addition a large amount of detailed de-
-scriptive core-data which is useful in nuclear analysis calculations is generated.

vii




THIS PAGE
WAS INTENTIONALLY
LEFT BLANK



1.0

2.0

3.0

4.0

"ABSTRACT
INTRODUCTION |

CALCULATIONAL APPROACH

3.2 Output Nomenclatufre

DERIVATION OF EQUATIONS -

4.1

4.2

4,2,
4.2.2
4.2

4
-4,

1

3

. 3.
3

~4.3.3

1
.2

TABLE OF CONTENTS

Cantrol Rod Fuel Elementg - - - - = = = ‘- ==

2.1 .One-Dimensio'nal Calculations
-2.1.1 Stationary Fuel Elcmcnts = w-=-==
2.1.2
2.2 .Two-Dimensional Calculations
-2.2.1 Stationary Fuel Elements
2.2.2 .Control Rod Fuel Elements
'NOMENCLATURE - --=----=z--n=-
3.1  Input Nomenclatu.re -----------

Geometry and Loading Data
. Density Input Cards - - -
Cross Section Input
Stainless Steel Atom Fraction Input

.Fuel and Poison Loadings
‘Volumes and Volume Fractions

‘Total Element

Active Region
Dead Region

‘ Preparatlon of Input to: P, IBM 650 Codes

Dead‘Region ------ —————
Active-Region - ~--------
4,3.2.1 Fuel Plates
4, 3.2.2 Water Channels

Add1t10na1 Input

ix -



TABLE OF CONTENTS (CONT' D)

Page
" 4.4 Preparation of Input to- MUFT-III, IBM-650 Code ------~- 36
4.5 Miscellaneous Calculations =----------c-- oo .__._.. 37
4.5.1 Weight Percent of Components in the Fuel Matrix - -- 3%
4.5.2 Atom Percent of Components in the Fuel Matrix ---- 37
4.5.3 Volumes of Components in the Fuel Matrix- - - - - - - - - 38
4.5.4 Mass of Components in the Fuel Matrix - - - - - - - - - - 39
4.5.5 Total Core:Parameters -==--------w--—-o--__.- 39
4.5.5.1 Volumes ---------o--o__- - —— - 39
4,552 .Masses ------~-=---- i 40
4.5.5.3 Metal-to-Water Ratio - - -----------__ 40

4.6 Preparation of Nuclear Parameter Input to the PDQ(x, y) :
-~ - or Turbo, IBM-704 CodeS ~--------=ccmcmcmeccooo- 40
4.6.1 Region #1 (Dead Region of Stationary Fuel Element)- - 40
4.6.1.1 Thermal Parameters --------------- 40
4.6.1.2 MUFT-IIIInput -~ -------coecooooon- 41
4.6.2 Region #2 (Active Region of Stationary Fuel Element)- 41
4.6.2.1 ThermalParameéeters---------------- .41
4.6,2.2 MUFT-IIInput - == -<==----emoeooouo 41

4.6.3 Region #3 (Dead Regions of Control. Fuel Element -

Containing the Side Plates) ------------------ 42
4.6.3.1 Thermal Parameters -—--=------=«co-- 42

4.6.3.2 MUFT-IIIInput = == -=-=-c-omecoaonooo 43 -

4.6.4 Region #4 (Dead Regions of Control Fuel Element -

Perpendicular to the Side Plates) - == - - == - - - oo - 44
4.6.4.1 Thermal Parameters ----------- - . 44
4.6.4.2 MUFT-IIInput ------==----=c---a-~2 44
4.6.5 Region #5 (Active Region of Control Fuel Element) -- 45

~ 4.6.5.1 Thermal Parameters - --------o---- -- 45
4.6.5.2 MUFT-IIInput - --~-----c---o= ---- 45
5.0 PROGRAM INSTRUCTIONS - =---c---coo-- —----- e mm— - 47
5.1 Input ------m e s e Lo 47
5.1.1 Burnup Table ---------ccommo oo 48
-5.1. 2 Psi(\y)Table e i I — - - 48
5.1.3 Stainless Steel File R I 48
5.1.4 Density File i e mmmmm s e o m— - - -~ .48
5.1.5 Cross Section File - - - - - - - R 49
— 5.1.6 Input Cards (Variable Cards) - == ==-=====-=c==o- 49



TABLE OF CONTENTS (CONT'D)

5. 1 7. Special Input Cards R
Comments Cards - ---~-----=--==---= o

5.1.17.1
2 Flux Cards -=----m=-coocmmaco- e
3

5.1. 1.
5.1.7.3 MUFT-III Input Cards---------- DR

6.0 OPERATING INSTRUCTIONS - --- -~ - SR -

7.0

6.1

6.2

6.3

6. 4

6.5

7.1

7.2

7.3

Option-1: Stationary Element Only ------------------

Option 2: Control Rod Fuel Element Only -------------

Option 3: Stationary Element Control Rod Fuel Element,

and Total Core -------"-------coo---- R

Unedited Output - Stationary Fuel Element - - = == = = = = - - - -

7.1.1 Output Used fof One-Dimensional Calculations - -- - -
7.1.2 Output Used for Two-Dimensional Calculations - - - - -

Unedited Output - Control‘Rod- Fuel Element ------- - -

7.2.1 Output Used for Qhe-Difnensional Calculations - - - - -
7.2.2 Output Used for Two-Di"mensio.nal Calculations - - - - -

‘Unedited Output - Total Core Parameters -----=--------

8.0 REFERENCES - ---- e meems e imeeeioo-

APPENDIX A: BOBCAT Flow Charts ~-------- [, ——————— -

APPENDIX B: Floating Point Notation ------- I

"APPENDIX D: Composition of Stainless Steel

APPENDIX C: Fission Product Poisoning ----==--=====-c=-o--- |

Page

- 49

49
50
51

53

- 53

93

53
54
54
55
55

95
57

58

58
60

60

APPENDIX E: Utility of the BOBCAT Code =----=--=--=-==~-~- ---- F

‘APPENDIX F: Sample BOBCAT Problem --------------~------




THIS PAGE
WAS INTENTIONALLY
LEFT BLANK




Figure
2.1 |
| 2.2
2,3
2.4
Al
A.2
E. 1

Table
C.1
D. 1
D.’ 2.
D. 3
D.4

E. 1

LIST OF FIGURES
Title

APPR-Type- Stationary Fuel Element- (Quarter Section)

APPR-Type Control Rod. Fuel Element (Quarter Section)

1 Subdivision of a Stationary Fuel Element

Subdivision of a Control Rod Fuel Element

BORCAT Stationary Fucl Elcment Flow Charl

'BOBCAT Control Rod Fuel Elemert Flow Chart

Utilization of the BOBCAT Code - " -

Schematic Diagram of BOBCAT Calculétions

LIST OF TABLES
-Title

Fission: Product Poisoning (/)

Type 304L Stainless Steel

Type 302B Stainless Steel
Braze Stainless Steel
Type 347 Stainless Steel

Summary of Various IBM-Codes

-Page

10- |
A-3

A-5

E-5

Page

- C-1

D-2
D-2
D-3
D-3

-E-1

xiii



1.0 INTRODUCTION

The BOBCAT code (Program No. 56), programmed for the IBM-850,
was written to facilitate the nuclear analysis of APPR-type cores. Fast
group parameters for-both stationary and control rod fuel elements are
- generally calculated by use of the MUFT-III, (1), (2) IBM-650 code. Thermal
parameters are generally calculated by use of the Plate-Type Pg3 3) and Pro-
-gram No. 54, 4) IBM-650 codes, for the stationary and control rod fuel ele-
-ments, respectlvely The- BOBCAT code, using fuel element geometry, U-235
and B-10 loadings, as input, provides input cards for the various codes men-

-tioned above; this output may be obtained as a function of fuel burnup. In addi- -

.tion, BOBCAT calculates detailed descriptive core data including volumes,
masses, atomic number densities,and other miscellaneous items which are of
value in nuclear analysis calculations. .

The calculations performed and the utility of the code-in-facilitating the
input preparation of various commonly used codes, are shown in Appendix E.
For codes such as VALPROD, (5) WINDOWSHADE, (6) CANDLE, (7) etc, pro-
perties for the overall fuel elements are- generall employed; for two-dimen- :
sional codes, such as PDQ(8), (9) and TURBO, ( ythe fuel elements may be
- subdivided into two or -more: "reglons" to obtam a more precise analytical pre-
diction of the core nuclear behavior.

" Provision has been: made in the code to calculate stainless steel, both as
an element in itself, and.as a. mixture containing iron, nickel, chromium, and
various other components. Either output may be used for the fast nuclear para-
-meter calculations, ‘depending upon which cross-sectional files.:one wishes to
employ in the MUFT-III code; this is left to the discretion of the program user.
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2.0 CALCULATIONAL APPROACH

- For one-dimensional calculations such as VALPROD, WINDOWSHAQE,
and CANDLE, thenuclear properties for the entire fuel element are generally
desired. . For two-dimensional calculations such as PDQ (x, y) and TURBO,
the fuel elements are -generally subdivided into.""active' and.''dead’’ reglons
the: latter refers to-regions containing no fuel.

- 2.1 ONE-DIMENSIONAL CALCULATIONS

. . The nuclear properties-for the control fuel elements are-calcnlated some-
. what differently than for-the stationary fuel elements . These methods are-de- -
scr1bed in. the following sections. '

2 1.1 Statlonary Fuel Elements

A 'schematic cross section of an APPR-type stationary fuel element is
. shown.in Fig. 2. 1.  The'following nomenclature is used for the various '
regions: '

Plate: This region includes the meat and cladding, -but does-not include

. -the fuel plate-dead edges. Properties for this region are calculated as if the-

~clad. and meat are homogenéously mixed. The plate thickness is C its width
is G.

Channel: . This region includes the material between the fuel plates;  for
this code, only water is assumed to be -between the plates. . The width of this-
region is G, the same-as for the fuelplates Its'thickness is d.

Act1ve This is a. mixed region consisting of the fuel plates and the -
~channe1 Its width is G.

Dead This region includes the‘fuel plate dead: edges, side plates and
.all of the-water in.the element that is not in.the channels. Its half-width is
- (1/2XD-G). Its properties are calculated as if all materials in the region are
-homogeneously distributed. - :

Fuel Element Cell: This includes all regmns 1t is. made up of the -
act1ve plus the dead regions. :

The-fast parameters a(e calculated by the: MUFT III code’ (1), (2) fof all
materials in the fuel element cell homogeneously dlStrtB ted. The thermal
parameters are calculated by the Plate-Type P3 code. This code calculates

the properties by a. superposition of tWo .Pg3 calculations, one- perpendlcular to
the fuel plates and the other parallel to the fuel plates.




S

2.1.2 Control Rod.Fuel Elements

A schematic cross section of an APPR-type control rod fuel element is
shown in Fig. 2. 2. The nomenclature for the plate, channel, and active regions
is the same as for the stationary elements. The dead region includes the fuel.
plate dead edges, side plates, control rod basket, and all the water not contain-
ed in the channels. The element is cyhndrlcahzed into an act1ve region sur-

-rounded by a dead region.

The fast parameters are calculated by thee MUFT-III code, for-all ma-
terials in thefuel element cell homogeneously distributed. The thermal para-

-meters of the active region are calculated by a one-dimensional P3 calculation
.perpendicular to the fuel plates. The thermal properties of the dead region
-are calculated on a homogeneous basis. The fuel element is cylindricalized

and the thermal properties of the entire fuel element are obtained by a cylin-
drical Pg calculation.

For the stationary fuel elements, the BOBCAT code prepares input cards -
to the MUFT-III code and the Plate-Type -P3 code. For the control rod fuel ele-
ments, the code prepares input to the MUFT-III code and for Program 54. (4)
The latter code -calculates the thermal parameters of APPR-type control rod
fuel elements.

2.2 TWO-DIMENSIONAL CALCULATIONS

-For two-dimensional calculations, either nuclear parameters for the
overall fuel elements may be used, as described in Section 2..1, or a - more
detailed subdivision of the fuel elements may be desired, i.e., for two-dimen-
sional flux and power distribution calculations. This is described in the follow-
ing:sections. »

2.2.1 - Stationary Fuel Elements

A schematic cross section of an APPR-type stationary fuel element, for
two-dimensional calculations, is shown in- Fig. 2. 3. Two-regions are: descrlbed:

Reglon #1: This reglon is identical to the dead region of the stationary
fuel elements as described in Section 2. 1.1,

Region #2: This region is identical to the active region of the‘stationary
fuel elements as described in Section 2. 1. 1.

. The thermal parameters for these two regions. may be obtained from the
output of the Plate-Type P3 calculation. The fast parameters for these two
regions are calculated by use of MUFT-III for the materials in these: separate
regions homogeneously distributed.



2. 2.2 Control Rod Fuel Ements

B .
CE

_ - A schematic cross section of an. APPR-type control rod fuel element,
. for two-dimensional calculatmns, is shown in F1g 2.-4. Three regions are de-
-scribed: : -

. Region: #3: This region is a.dead region containing the side plates, fuel .
plate dead edges, part of the control rod basket, and all water not contained
~ in theactive regmn (Reglon #5) and Region: #4. The thermal parameters and
fast parameters are’calculated for the materials homogeneously dlstrlbuted
The: fast parameters at‘e calculated by MUFT-IIIL :

' Reg1on #4: This region.is a dead reglon contammg part of the control
rod basket and the water not contained in Regions 3 and 5. The fast and ther-
-mal parameters are calculated as glven for Region #3.

, Reglon.#5: ThlS- region is the-active region of the control rod fuel ele-
~ments as described in Section 2. 1. 2. The thermal parameters are obtained
‘as output of Program 54. The fast parameters are calculated by MUFT -IIT
for the materials homogeneously distributed. :
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3.0 NOMENCLATURE

The nomenclature-as used in the BOBCAT code is given on the following
. ‘pages. Except as noted, the nomenclature-applies to both stationary and con-
‘trol rod fuel elements. In the output nomenclature, the expressions under the
column: ""Identification" indicate designations as found in the code output listings.
. When the-definitions refer to specific regions (i. e., fuel plates, active, dead,

region 1, region:2, etc) reference should be made-to Section 2 and Fig. 2.1
through 2. 4, of this report. '

-

11
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el

3.1 INPUT NOMENCLATURE

-3.1.1 Geometry and Loading Data

.SYMBOL

DESCRIPTION

Loading of U-235 pér fuel plate at fuel burnup,. B = 0.

Loading of B-.10"per fuel plate'at fuel burnup, -B = O.,

. Fuel burnup fraction, where (1-B) = N25 t)/ N25 (t 0),_
: Fractlon of total fissions wh1ch are thermal. (Use =.1.0 when:B =0).

Defined in:Section 4. 1. (UseA O in input if it is desired for “the code 1
-to calculate-the proper value of A if A# O is used as input, this

value- w111 be used in the code)

Width of fuel element cell (parallel to the side-plates).

‘Width of fuel element cell (perpendic'ulaf_ to the side plates). -
_ Total width of a cladded fuel plate.
-Width of t‘h,e-active-reg'ionn (meat) of the fuel plate.

" Thickness of the active region (meat) of the fuel plate.

Thickness of the cladding on each side of the fuel plate.

‘Gap between fuel plate-and side plate.

‘Depth of- gfooves (for insertion of fuel plates) in:side plate.

Thickness of the side plate.

UNITS
gms

. gms

cm
cm

cmr

cm
cm
cm

cm

.Cin

cm-




48

SYMBOL

30

DESCRIPTION

. Width of the side plate. "

Width of the "active region' (parallel to side plates).

s

Leni@th of active regior‘i'-'(meat) of the fuel plate.

Void volume fraction in meat of the fuel plate.

Pressure factor: ratio of density of pure water at desired T°F and

P (psi) to the density of pure water specified in the input ""density.
cards.'" This factor may also be used to calculate the effect of vcids
in the reactor core. =

‘Volume of braze material (steel) per fuel element.
. Thickness of control rod basket.” (Control fuel element only).
Number of :fue-l- platesper' fuel element.

Number of fuel elements (stationary or control) in the core.

Outside width of control rod basket (control fuel element only).

‘Inside width of control rod basket (control fuel element only).

UNITS-

cm
cm

cm

cm

cm

cm

cm



Density Input Cards -

SYMBOL . o DESCRIPTION.

/Q_B(co.m_-p) ‘ ‘*Dens‘itybof. the-pureboro‘n.comp_ound used as the burnable--poison;

 Pssa

Density of pure-stainless steel used in the fuel malirix (meat). .

atoms/cm

 atoms/cm

Ny ~ “Atomic number density of hydrogen in pure-water at TOF and P (psi).
No Atomi¢ number density of dxygen»ih.pure'watér at T°F.and P .(psi)'., ': _
'NSSP ' _Atomic'.number density of puré-s'ta.inlessrsteel in the side plates.

b-ANSAS A Atomic number density of pure stainless steel in the fuel matrix (meat).
'NSSDE Atomic number density ~of.‘pu‘re.\stain1éss%;:streel in the fuel plate-cladding.
-NggseBp ..Atomionumber‘density of pure stainless steel in control rod baskets:
'NSSBR - Atomic -number density of pure stainless steel in braze material.

' »U~1‘ . Weight fraction of U in U02,'
uz .Weight frgction of U-235'in:U. |
,LL3 .Weight fraction of boron-in;.the boron .compound used as the‘burnablé} poison. a
7 : - . Atomic fraction of B-10 in'boron (as used as the burnable poison). - |
__ pUO 9 . ',Depsity of pure UOy.

~gms/cm

 YNITS- .

3

3

- atoms/cm"”

3

atoms/cm®.

3
atoms/ cmS

atoms/cm3

| atoms/cm®

‘ gms/cm3

3

gms/cm3




SYMBOL

Per

Psce
Pse. .
lo SFP

/OHzo
A

3.1..3

DESCRIPTION

Density of pui‘e stainless steel used in the braze material.

Density of puré-stainless steel used in.the control rod baskets {control
fuel element only).

- Density of pure stainless steel used in the side plates.
Density of pure.asta-inless steel used in the fuel plate cladding.
Density of pure water at T°F and P (psi).

_Ratio of atbms of the ""compound' in the boron compound to atoms of

natural boron. - For example, A = 1/4 for B4C and )= 1/2 for ZrBg
where carbon and zirconium is the “compound, ' respectively.

Cross Sectioh Input

‘Microscopic thermal absorption cross sections for x = U-235, U-238, SS,

B-10, hydrogen, and oxygen, averaged over a Maxwell-Boltzmann dis-
tribution. (or other distribution) at the appropriate kT energy.

‘Microscopic thermal scattering cross sections for x = U-235, U-238, SS,

B-10, hydrogen, and oxygen, at the appropriate kT energy.

:Microscopic t"hermal transport cross sections for x = U-235, U-238, SS,

B-10, hydrogen, and oxygen, at the appropriate kT energy.

-Average number of neutrons-produced per fission times the microscopic
thermal fission cross section of U-235 averaged over a Maxwell-Boltzmann

distribution (or other distribution) at the appropriate kT energy.

UNITS

gms/cm3

gms/cmS
gms/cm

gms/cm

gms/cm3

~barns

barns

barns

barns
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SYMBOL
"B-10

3.1.4

RCS IR

wnh

(AF)ggp

@F%B

DESCRIPTION : : UNITS

,Microscopic fast absorption cross section of B-10. - ' barns
: Microscopi’c-fast absorption cross section of U-235 " barns

‘Average thermal capture-to thermal fission ratio-for U-235.

: Average fast capture to fast fission ratio for U-235:

Stainless Steel Atom. Fraction- Input

~ Atom fraction of component i in‘pure-stainless steel used in; fuel matrix

(meat), where1—.Fe Ni, Cr Mn, C, S1 and Mo.

- Atom. fraction of component i in pure: stamless steel used in. fuel"plat-e

cladding, wherei=-.Fe Ni, Cr, Mn, C, Si, and Mo“

,fAtom fractlon of component iin pure stamless steel used in. side-plate,
_wherei= ‘Fe, Ni, Cr; Mn, C Si, and- Mo

,-Atom fraction of component iin pure: stamless steel used in the bra.ze
. 'materlal where i= Fe Ni, Cr Mn C,.Si, and-Mo.

Atom fraction of component iin pure stamless steel used in- the conlrol
rod baskets, where i =-Fe, Ni, Cr, Mn, C Sl and Mo.
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3.2 OUTPUT NOMENCLATURE

SYMBOL _IDENTIFICATION
7 Z. BAR
A DELTA
Y PSI
Y. p.p. Y EQ FISS PROD
¥ Y BAR
25 . o
Zg 7 25 ELEMENT
7502 7 UO2: ELEMENT
B-10 , |
Yg Y B10 ELEMENT
Ly - -MU.SUB 4
yBleomp) .5 comp ELEM = .
Va VOL ACTIVE .

VOL ELEMENT

DESCRIPTION
Loadi.ng of U-235 per fuel plate at fuel burnup B.

Defined in Section 4. 1.

- Grams of B-10 per plate equivalent to the: poison;

ing due to fission product accumulation at-fuel

- burnup B per initial kg of U-235 per fuel plate.

Grams of B-10 per fuel plate equivalent to the

‘poisoning due to.-fission product accumulation
-at fuel burnup B. . :

Loading of B-10 per fuel plate] at fuel burnup B. -
Loading of U-235 per fuel element at fuel burnup B.
Loading of UOg9 per fuel element.

Loading of B-10 per fuel element at fuel burnup B.

‘Weight fraction of B-10 in natural boron.

Loading of the -boron compound, used as the burn-
able poison, per fuel element.

Volume of active region of the fuel element.

Volume of the fuel elemént.

UNITS

. gms

gms/kg

gms |

-gms

gms
gms

gms

gms
cm

cm
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SYMBOL ~ IDENTIFICATION
Vp VOL DEAD

(VF), VOL FRACT ACT
(VF)p VOL FRACT DEAD
R, R BAR ACTIVE

Ry ' R BAR ELEMENT
Vpa VOL FUEL ACTIVE
Vea VOL CLAD ACTIVE
VMA. VOLMETAL ACT
VA VOL H20 ACTIVE
Veen - VOL BASKET ELEM
c C

Vgp VOL SIDE PLATES
VDE “VOL DEAD EDGES
Vssp VOL SS DEAD

VOL H20 DEAD

DESCRIPTION

Volume of ‘the dead region of the fuel element.

Volume fraction of the activeregion of the-fuel element.
Volume fraction of the dead region of the fuel element.-

. Equivalent radius of the act1ve reglon of the control
rod fuel element. :

Equivalent radius: of the control rod fuel element.

Volume of the fuel matrix (meat) 1n the actve reg1on

of the fuel element.

Volume of the cladding in the active region of the '
-fuel element. R

Volume of the .metal [U02+ B(comp) + SS] in the

~ active region of the fuel element.

Volume- of the water in the act1ve reg1on of the
fuel element '

Volume of control rod basket in control rod fuel
element. ' ’

Total thickness of the cladded fuel plate.
Volume of the side plates in the fuel element
Volume of fuel plate dead edges in the fuel element.

Volume of stainless steel (metal) in the deac region
of the fuel :element.

Volume. of . water..in the dead region of the-fuel element.

- Ccm

UNIT'S

cm

cm

cm

cm

cm

cm

cm
cme
cm
cm
cm

3
cm:



SYMBOL  IDENTIFICATION
xQ ALPHA

LoD SIGMA A DEAD

2 sp 'SIGMA S DEAD
2D ' SIGMA TR DEAD
Vp. . VOL PLATE

N 10 NB10 PLATE
LiBP SIGA B10 PLATE
L <Bp SIG § B10 PLATE

2 irBP SIG TR B10 PLATE
NS N U235 PLATE
-N1528 "N U238.PLATE

Np° N OXY PLATE

VM VOL MEAT PLATE .
Vy VOL VOID PLATE
Vgog)p  VOL UO2 PLATE
VB(comp)p VOL B COM PLATE

'DESCRIPTION

.Total atoms of stainless steel in the dead region.

Thermal macroscopicabsorption cross section of
the dead region. ' '

Thermal macroscopic scattering cross section of

“the dead region.

Thermal macroscopic transport cross section of
the dead region.

Volume of a cladded fuel plate.
Atomic density of B-10 in the fuel plate.

Thermal .macroscopic.absoxjption cross section of
B-10 in the fuel plate.

Thermal macroscopic scattering cross section of

B-10 in the fuel plate.

Thermal macroscopic transport cross section of
B-=10 in the-fuel plate. '

Atomic density of U-235 in the fuel plate.

‘Atomic density of U-238 in the‘fuel plate.

Atomic density of oxygen in the fueli plate.

Volume of the fuel matrix per fuel plate.

Volume of the ''void" per fuel plate

Volume of UOg per fuel plate.

Volume of boron compound {burnable poison) per
fuel plate.

UNIT'S

atoms

cm-1
3

3

atoms/cm
atoms/ cm

atoms/cm3

cm3

cm3

cm?

cm®
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SYMBOL

VsspMm

VwcH
Z aCH -

Z sCH
z:tr_CH |
SAcTIVE
SDEAD

q

IDENTIFICATION

VOL SS MEAT
N S5 PLATE
SIGMA A PLATE
SIGMA S PLATE

SIGMA TR PLATE

'NU SIG F PLATE

D LOWER CASE

VOL H20 CHANNELS

SIGMA A H20

. SIGMA S H'zgo

SIGMA TR H20

" S.ACTIVE

S DEAD

'Q LOWER CASE

'DESCRIPTION -

rd

Volume of stainless steel in the fuel matrix (meat)
per fuel plate :

Atomlc density of stalnless steel in the fuel matrix
(meat)

Thermal macroscopic absorptlon Cross cect1on of the

fuel plate.

Thermal macroscopic scattering cross s=ction of the
fuel plate.

'Thermal macroscopic tiransport cross section of the
--fuel plate. :

Average-number of neutrons produced per thermal -
fission times the thermal macroscopic fission cross
section of the fuel plate.

Thickness of the water gap (channel) between the :

fuel plates.

Volume of water in the channels of the active region.

Thermal macroscopic absorption cross section of the

. channels (Hg0).

Thermal macroscopic scattering cross section of the

‘channels (Hg0).

- Thermal macroscopic transport cross section of the
‘chanhels (H90).

‘Source constant for active region of stationary fuel

element for input.to Plate-Type Pg3 code.

Source constant for dead region of stationary fuel
element for input to Plate-Type Pg code.

UNITS
‘cm3

_atoms/cm®

- Half width of statlonary fuel element (parallel to fuel plates) cm
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SYMBOL _IDENTIFICATION
- P LOWER CASE
1 L. LOWER CASE
m M LOWER CASE
a, Q LO CASE SUB A

ap Q LO CASE SUB D

w W LOWER CASE

w W UPPER CASE
A » o

(VF)p VF PLATES ACT

' TOTAL SIG DEAD

SIG PRIME DEAD

SIG STAR DEAD

‘N U235 ELEM
‘N U238 ELEM
N OXY PLATE EL

VOL H20 ELEMENT
N HYD ELEMENT

DESCRIPTION UNITS
Half width of active region of stationary fuel element
- (parallel to fuel plates). cm
Half thickness of cladded fuel plate (stationary fuel _
element) _ '~ cm
Half thickness of cladded fuel plate plus half thick-
ness of the water channel (stationary fuel element). cm

Source constant for active region of control fuel
element for input to Program 54.

Source constant for dead region of control fuel element
for input to P‘ls‘ogram 54. '

Half thickness of cladded fuel plate (control fuel element). cm

Half thickness of cladded fuel plate plus half thickness

“of the &ater channel (control fuel element). - cm

Volume fraction of the fuel plates in the active region
(control fuel element).

Total macroscopic thermal ‘cross section of dead re-

gion for control fuel element. (ZD =ZaD + ), sD)- cm-1
Total macroscopic thermal cross section minus macro-
scopic thermal transport cross section of dead region
for control fuel element. ~¢m-1
Second order macroscopic thermal elastic scattering
cross section of dead region for control fuel element.
(Assumed to be zero). cm~1
‘Atomic density of U-235 in the fuel element. o ,.atoms/cm3
Atomic density of U-238 in the fuel element. afdtﬁs/cm3
Atomic density of oxygen (UOg contribution only) T
- in the fuel element .ato_ms/cm3 ‘
Volume of water in the fuel element. - “'em3
Atomic density of hydrogen inthe fuel element atoms/ cm3
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SYMBOL

(0]
Ncw

MPT'
" U0
W),o

(W),

Wy

-T
25

IDENTIFICATION

N.OXY H20 EL
‘N OXYGEN ELEM

'N'B10 ELEMENT
‘N SS. ELEMENT

N X ELEMENT

" _MASS UO2 MEAT
* MASS B COM MEAT
MASS SS MEAT

_ TOTAL MEAT MASS
WF UO2 MEAT
(W)y2(COMP) WF B COMP MEAT

WF SS'MEAT

- WF' B MEAT

TOT MEAT ATOMS
AF U235 MEAT
AF U238 MEAT

DESCRIPTION

Atomic density of oxygen (H9O contribution only)
in the fuel element.

Atomic density of oxygen (from UOZ and HZO) in
the fuel element.

Atomic density of B-10 in the fuel element.

Atomic density of stainless steel in -the fuel element.

. 'At'omic density of component X in the fuel element,
where X = Fe, Ni, Cr, Mn, C, Si,

and Mo.
Mass of U02 in the fuel matrix (meat) per fuel plate.

Mass of boron. compound (burnable poison) in the fuel
matrix (meat) per fuel plate. : :

- Mass of stanless steel in the fuel matrix {meat) per

fuel plate.
Total mass of fuel matrix (meat) per fuel plate.

Weight fraction of UOg in the:fuel matrix (meat).

'Weig‘ht fraction of boron compound (burnable poison)
in'the fuel matrix (meat).

Weight fraction of boron in the fuel matrix (meat).
Total atoms in the fuel matrix (meat) per fuel plate.
Atom.fraction of U-235 in the fuel matrix (meat).

Atom fraction of U—23'8‘iril fhe»fuel matrix ’(meat)”,

‘atoms/cm

UNITS

3

~atoms/cm3

atoms/ cmS

atoms/ cm3

atoms/cm3

gms

-gms

gms

gms

: . Weight fraction of stainless steel-in the fuel matrix (meat).

~atoms



SYMBOL IDENTIFICATION

A

-<A>-£3;" . AF OXY MEAT
(8) 5% AFSSMEAT
(A~ AF B MEAT

(A {comP) A COMP MEAT

Vor VOL VOID ELEM

VE
VMg -  VOL METAL ELEM
VssE VOL $S ELEM
VEUOZ VOL U02 ELEM

yBleomp)  yor 5 comp ELEM

i H9O

(VF)g~ - VF H20 ELEM

. sS S

(VF)g VF SS ELEM
UO9

(VF)g. VF UO2.ELEM

om

(VF)E( P) yF B COMP ELEM
v ,

(VF)g =~ VF VOID ELEM

Ry - R SUP X ELEM -

DESCRIPTION o UNITS

Atom fraction of oxygen in the fuel matrix (meat).

~Atom fraction of stainless steel in the -fuel matrix (meat).

Atom fraction of boron in the fuel matrix (meat).

‘Atom fraction of the compound portion (of the boron

compound used as the burnable poison) in the fuel

. matrix (meat).

Volume of "void" in the fuel element. . cm®
 Volume of metal in the fuel element. L . cm3
Volume'bf stainless steel in the fuel element. ; crﬁ3
_ Volﬁme of .U02 in the fuel-elémeﬁt : . Crﬁ3
"Volume of the boron compound (bu&'nable poison)

iri. the fuel element, . emS

‘Volume fraction of water in the fuel element.

~ Volume fraction of stainless steel in the-fuel element.

Volume fraction of UOg in the fuel element.

" Volume fraction of boron compound (burnable poison)

in the fuel element.
Volume fraction of ""void'' in the fuel element.

Metal to water volume ratio in the fuel element.



SYMBOL

IDENTIFICATION

Mg 'MASS SS ELEM
M 20 mass H20 ELEM
B(Comp) VOL'B COMP CORE

Ve’ VOL VOID CORE
Voo TOT VOL OF CORE
V120 VOL H20 CORE
VS VOL SS CORE
V02 VOL UO2 CORE
ver VOL METAL CORE’
vF)&2°  VF H20 CORE
A(VF)g S5 VF SS CORE
(VP02 VF U02 CORE

, (VF)C VAFi.M’ETAL CORE
(VF)o' . VFVOID CORE

| (VF)B(comp) VE B COMP_CORE

DESCRIPTION

‘Mass of stainless steel in.the fuel element.

-Mass of water in the fuel elément°

Volume of the boron. compoundb (burnable-poison)
in.the reactor core.

Volume of the "void" in the reactor core.

- Total volig.fne of the reactor core.

Volume of water in the reactor core.

Volume of stainless steel in.the reactor core.

Volume of UOg inthereactor core.

Volume of metal in.the reactor core.

Volume fraction of water in the reactor core.

Volume fraction of staihl’-‘ess*"steel in.the reactor core.

Volume~fraction of U02 in the reactor core.
Volume-fraction of metal in the reactor core.

Volume*fraction of "void" in the reactor zo-e.

. Volume fraction of the boron compbund {burnable
poison) in the reactor core.

_UNITS

gms

. gms )




9¢

SYMBOL

IDENTIFICATION

Hp0
SS
,Mc

U235

"Krp(1)

Dp(1)
RS
Lp(1)

- MASS H20 CORE

MASS SS CORE

' _MASS U235 CORE
- MASS UO2 CORE

MASS B10 CORE .

MASS.B COM CORE
' MASS OF CORE
‘R SUB C CORE

SIG A REG 1

SIG S REG 1
SIG TR REG 1

NU SIG FREG 1

KTHER REG 1

D THER REG 1

"L, SQUARE REG 1

DESCRIPTION

.Total mass of water in the reactor core.

" Total mass of stainless 'steel in the reactor core.

Total mass of U-235 in the reactor core.
Total mass of U02 in the reactor core.

Total mass of B-10 in the reactor core.

Total mass of the boron compound (burnable-poison),'

- Total mass-of the reactor core (including water).

- Metal to water volume ratio in the-reacto:‘-icore,

- Thermal macroscopic absorption cross szction of
~ region 1 (stationaryfuel element).

Thermal macroscopic scattering cross section of
region 1 (stationary fuel element).

Thermal macroscopic transport cross segtion of
region 1 (stationary fuel element).

Average number of neutrons produced per thermal
fission times the thermal macroscopic fission cross
section of region 1 (stationary fuel element).

Thermal multiplication factor of region 1 (stationary
fuel element).

Thermal diffusion coefficient of region.1l (stationary

-fuel element).

“Square of thermal diffusion length of region 1
. (stationary fuel element).

UNITS

gms.

gms
gms
gms

gms

- gms

. gms

cm

cm
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IDENTIFICATION

SYMBOL
Nyp() N HYD REG 1
Nop(1) N OXY REG 1
Nssp(1) N SS REG 1

i - |
Np(1) N X REG 1
VwcH VOL H20 REG 2
Vpa VOL PLAT.-REG 2
Va VoL OF REG 5 .
(VF)pa VF PLAT REG 2
(VF)wa VF,HZO REG 2
NHA (2) N HYD REG 2
Noa(2) N OXY REG 2
N(25)A(2) N U235°REG 2
N(2g)a(2) N U238REG2

NgsA(2)

N SS REG2

- Atomic density of U- 235 in reg1on 2 (stat1onary fuel -
; element) .

:Atomic density of U- 238 in reg1on 2 (stationary fuel

‘DESCRIPT.ION;

Atomic dens1ty of hydrogen in- reglon 1 (statlonary

. fuel elemnent).

Atomic dens1ty of oxygen in region 1 (stat1onary
fuel element).

Atomic density of stainless steel in region.1

,(stat1onary fuel element)

Atom1c dens1ty of component X in reglon 1 (station--
ary fuel element) whereX- Fe Ni, Cr Mn, C,Si,;and Mo.

Volume of water in reg1on 2. (statlonary fuel element)

Volume of fuel plates in reg1on 2 (stat1onar y fuel

element)

‘Volume of' region~:2 (stationary fuel element)

Volume fract1on of fuel plates in region 2 (stationary

, _fuel element)

Volume;fractlon of water in region 2 (stationary fuel
element).

- Atomic. dens1ty of hydrogen in reglon 2 (stationary

fuel element)

-4.Atom1c dens1ty of oxygen in reg1on 2 (stat1onary fuel

elem ent)

element)

Atomic density of B- 10 in reg1on 2 (statlonary fuel-
element). - .

-Atomic -'den'sity“'of stainless steel in r-‘egion.z
- (stationary fuel element).

_atoms/cm

-atoms/cm

UNITS

~atoms/ cm3

atoms/ cm3

atoms/ cm?

atoms/cmS’

cm3

3

¢m3.

atoms/ cmS

atoms/cm3

. atoms/cm3

3

atoms/cm3

3
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. _SYMBOL IDENTIFICATION o . DESCRIPTION . UNITS
i - , A
‘NA(2) N XREG2 - Atomic density of component X in region 2. (stationary
_ fuel elements), where. X= Fe, Ni, Cr, Mn, C, 8i, and Mo. atoms/ cm®
VD(3) 3 VOL OF REG 3- Volume of région 3 (control fuel élement), _cm3
VBD(3) - VOL BASK REG 3 Volume of control rod basket in region 3 (control
: fuel element). cm3
VSPD(3) . VOL SID PLA R3 Volume of -side plates ihregion 3 (control fuel elements). cm3
VDED(3) VOL DED EDGE R3 Volume of fuel plate dead edges in region 3 (control ~
' - T - fue1~ element). S , cmd
VSSD(3) ' VOL SS REG 3 _ Volume of stainless steel in region 3 (control fuel
o | - element). ; cm?
“VWD(3) VOL H20 REG 3 Volume Of water in region 3 (control fuel element). cm3 :
C(D(3) . ALPHA REG 3 E Total atoms of stainless steel in: reglon 3 (control |
' fuel element). < atoms
zaD(3) . SIG A REG 3 Thermal macroscopic absorption Cross section of
' region 3 (control fuel elements). cm-1 )
ZSD(3) SIG S REG 3 - Thermal macroscopic scattering cross section of
> » ~ region 3 (control fuel elements). cm‘l
Zti‘ﬁ(S) SIG TR REG 3 : ’I-‘-hefmal macroscopic transport cross section of ‘
’ ’ : region 3 (eontrol fuel element). _ em™1
U,Z--fD(3) NU SIG F REG 3 ,Averagenumbér of neutrons produced per thermal
‘ ' . fission times the thermal macroscopic fission cross 1.
‘ séction of region 3 (control fuel elements).‘ cm ©
Ky " KTHERREG 3 . . Thermal rhultiplication factor of fegion' 3 (control
TD(3) -1
_ : fuel element). cm
DTD(3) 4 D THER REG 3 Thermal diffusion. coeff1c1ent of region 3 (control
o " fuel element). _ cm -
L) L SQUAREREG 3 Square of thermal diffusion length of region 3 (control fuel element). cm?2
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| SYMBOL IDENTIFICATION I DESCRIPTION : ' - _UNITS -
| B . .
‘ ' NHD(3) N HYD REG 3 - Atomic density of hydrogen in region.3 (control fuel -
| : " elements). " atoms/cm3
NOD(3)' N OXY REG.3 : - Atomic density of oxygen in reg1on 3 (control fuel R 3
( element). : © atoms/cm
'NSSD(3) . N SSREG 3 Atomic density of stainless steel in region 3 (control ' B
. : fuel element). o S . atoms/ cm3
N1D(3) N X REG 3 " Atomic density of component X in region 3 (control }
fuel element), where X= Fe, Ni, Cr, Mn, C, Si, and Mo. a.toms/cm3
: VD(4) VOL OF REG 4 Volume of region 4. “(control fuel element). ' cm3
‘ Vi;D(4) ~ VOL BASK REG 4 . Volume of control rod basket in region-4 (control fuel
, o A element) ‘ , - cm
VWD(4) ’VQL H20 REG 4 .Volumeof water in-region 4 (Control fuel element) B cm3
“ zaD(4) SIG A REG 4 Thermal macroscopic absorption cross section of :
-1
region 4 (control fuel elements). cm”™
| ' }:SD(4) SIG SREG 4° Thermal macroscopic scattering was section of region
| - . "4 (control fuel element). , P cm-1.
‘ ZtrD(4) - 'SIG TR REG 4 Thermal macroscopic transport cross secfion of region
4 _ _ : 4 (control fuel element). . o . cm-1-
UZ £D(4) NU SIG F REG 4 Average number of neutrons.produced per thermal
- ' ‘ ' fission times the thermal macroscopic fission cross
.section of region 4 (control fuel element). - cm-1
K.nsn K THER REG 4 Thermal multiplication factor of reglon 4 (control
TD(4) - N . -1
L fuel element). ‘ _ . cm
DTD(4) -D. THER REG 4 Thermal diffusion coefficient of reg1on 4 (control
. _ ~ fuel element). : . cm
©. L_2D'( 4) . L SQUARE REG 4 Square of the thermal diffusion length of region 4
' ' - (control fuel element). cm?2
| ' "NHD(4) N HYD REG 4 Atomic density of hydrogen in region 4 (con:rcl fuel element). atoms/cni3

|

: ‘NoD(4) ‘N OXY REG 4 Atomic density of oxygen inregion 4 (control fuel element). atoms/ cm3
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SYMBOL IDENTIFICATION

Ngsp4) N SSREG 4

i .
N D) "N XREG 4

AY
i
H

Vwac(s)  VOLH20 REG 5

Vpac(s)  VOL PLAT REG5

(VF)PAC(5) VF PLAT REG 5

(VF).WA@(& VF H20REG 5

HAC(S) N HYD RlEG 5 -
.N(25) AC(5) .N U235 REG 5
‘Nag)ac(s) N U2'3’8,REG_5

(B 10)Ac(s)N B10 REG 5

NAC(5) N X REG 5.

'DESCRIPTION UNITS
Atomlc den51ty of stainless steel in region 4 (control :
fuel elem ent). 7 ~atoms/cm?®
Atomic density of component X in region.4 (control fuel o
element), - where X= Fe, Ni, Cr, Mn, C, Si, and.Mo. atoms/cm3
Volume -of water in region.5 (control fuel element). cm'3.-

Volume of fuel plates in region 5 (control fuel element). cm®

‘Volume of region 5 (control fuel element). : cm3

.Volume fraction of fuel plates in region 5 (control fuel
- element).

Volume: fractlon of water in region. 5 (control fuel element)

=Atom1c density of hydrogen in reg1on 5 (control fuel element). atoms/ cm3
.Atomic density of oxygen in region 5 (control fuel element). atoms/ cm3
' Atomic density of U-235 in region 5 (cAontrol fuel element). ,aA.tAoms/cmB

' ~-Atomic density of U-238'in region 5 (control fuel element). a’coms/cm3

Atomic density of B-10 in region 5 (control fuel element). atoms/cm3

Atomic density of stainless steel in region 5 (control fuel

element). - . , - : atoms/cm3

Atomic deneity of component X in region 5 (control fuel _ 3
element), where X = Fe, Ni, Cr, Mn, C, Si, and Mo. atoms/cm



4.0 DERIVATION OF EQUATIONS

.\ comp_l;e,teformuﬂafﬁon.o‘f all equations used in.the BOBCAT code is .
given below. Refer to Section 3. 0 for nomenclature. Except as noted, the
' equations apply to both stationary (FE) and control rod (CR) fuel elements.

4.1 TFUELAND POISON LOADINGS

Z=2,(1-B) | .
B-10 | . B-101
da d .
[a o Kl 30 R

A = .
(1+ozth),8+ (1+c<f) (1-L3)

Yeq F.P. =Zo \}./ x'10” ]

NOTE: \}_/ (psi) is a function of fuel burnup (B) and relates the fission. product
poisoning to an equivalent amount of B-10. Table of B with the corresponding
values of \:V are included as input to the code. This is discussed further in
Section 5 and Appendix C of this report.: Appendix C shows the presently used
‘tables4dt Alco and were obtained from reference (1 1)

A

Y=Yo (1-B) ~ + Yeq. F, P.

25
Z-E - Zo Nl
U0y _ 25
Zg " =2y /(UML)
B-10

) (10. 016110) (7)
~ (10.016110)(7) + (11. 012811) (1-7")

10
v g B / Wghy

Ky




4.2

32

.VOLUMES AND VOLUME FRACTIONS

4.2.1 Total Element

4.2.3

-V

FA
Vea

VMA
Vwa

GH'

A,L

AD

AEL
VE-Va
VA/VE
1-(VF),
(a,/ Y2
(A /)Y 2

. (CR only)

: (CR only)

- 4,2.2 Active-Region

N; GL tg .
2 LNj teG -

Vea Vea
Vo~ VMa

Dead Region

Vscr

2§L[J1+J2-2.§] |
tF+2tC

2L [ EH - Nj h (C+ 2 g)]

Vsp* VDE* VBR

:VSP + VDE + VSO:B + VBR_ :

VD - Vssp

(CR only)

(FE only)

(CR only)



4.3

PREPARATION OF INPUT TO P3, IBM-650 CODES

4. 3.1 Dead Region

& = Vgp Nssp + VpE NsspE + Vscp * VBR Nsspr  (CR only)

ZxD(ToF) [O(O' WDo(NHo’x + Ny Oy )]

where:

x = a_(absorption), . S.(scattering)', tr (transport)

4. 3.2 Active Region

4,3.2.1 Fuel Plates

-Vp- = CGL
NP'B 10 % 013312 x: 1022 x (F3 )
B 10 . B-10¥

where:

‘X =a (absorption),‘. s (scaftering),' tr-(transport)
25 ‘ L.

Np . = 2.561614 x 102! x (V)

28 21, %o 1-Ha
Np™® = 2.529266 x 10°" x (T ) (——=

| j o
szs 28

o . '
NP - (1 B) + NP
~VM.. = tF GL
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Yssem T VM= VV - V(yog),~ VB(comp)y,

A"
SS 1 CA
N = N F V N
) 'VP [ Ny SSDE rSSPM SSA:|‘
25 __ 25 28 . 28 0 0
Lxp (T°F) = Np{® 0y " +Np~ @,  + Np C,° +
SS . SS o
Np' o’x + Y <Bp (T°F)
where:
X = a (absorption), s (scattering), tr (transport)
. 25 25
Vip (T9F) = Np" (V0™
- 4,3.2.2 .Water Channels
d =E,[H"-<N1C]
) H 0
Z.;&CH (T°F) = @ ['NHUx + Ny dx ]
where: -~

X = a (absorption),. s (scattering), tr (transport)
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SACTIVE
' SpEAD
a

o

4, 3. 3 Additional Input

VWA/VA

Vwp/Vny

. D/2-

G/2
c/2.

qa
]+'2

Viwa/ Va
N

Vwp/ Vb

(FE only) .

_ (FE only)

(FE only)

(FE only)
.(FE only)

. (FE only)

(CR onIy)

(CR only)

. (CR only)

(CR only)

(CR only) a

" (CR only)

(CR only)

(CR only)




4.4 PREPARATION OF INPUT TO MUFT-III, IBM- 650 CODE

P 25
25 ZE
Ne = Vg
| 7 N
28 21 Zo~1 . 1- /12
Ng = .z. ;29262: 10 x'(V-E )« #2
C Nep = 2| —C- 4 N
B ) ¢
VWe = Vwp* Vwa
H 1 7
Nee =% | Ywe°M
I |
o 0
3. 1 _ B-10
N0 - Vg [Nl Np V@]
NS L[y Nea + Vap Ver N .
New = 7vg | N1 Vsspm Ngsa+ Vsp Nssp+ Vpr Ngsr+
+. (VFPDE + 'VCA) NSSDE] ‘ (FE oqu)

M VSCB'NSSCB + (VFPDE +‘VCA')'NSSDE] (CR only)

- The'-number densities for the elements composing stainless steel are
calculated in.the following equations. (See Appendlx D): '
‘ _1

S
Ne =7y [Nl Vsspm Nssa (AF )a + VspNssp(AF)p + |
+ VpR Nsspr (AF)pR + (Vpppg * VCA)NSSDE(AF)DE] (FE only)
where: i :Fe, Ni, Cr, Mn, C, Si, and Mo. b
1 t 1 -
Ne = T Vg [NIVSSPMNSSA (AF)A +VSPNSSP(AF)P +

* VBR NssBR (AF)gR + VsCB NsscB (AF)CB (VrpDE + VAl SSDE(AF)DEJ
' : : - (CR only)

where: i = Fe, Ni, Cr, Mn, C, Si, and. Mo.
36 ‘



4.5

MISCELLANEOUS CALCULATIONS

4.5.1 Weight Percent.-of Components in the Fuel Matrix

. MPU02 29
(g -Ho)
Y
. MPB(cqmp) _ m
Mp>S = Vsspm Pssa "
MP'l‘ . a MpUO2 MpB(comp) . 1,58
| (W)MUoz - MpU02 /MéT

(W)MB(comP) = MPB(cbmp)/MPT
| (W)MSS = MPSS/MPT A
B(comp)

WMo = My Wy

4.5.2 Atom Percent of Components in the Fuel Matrix

ny0 = 2.561614 x 1021 x Zg |
28 - 2.520266 x 1021 x 7, x iz_)
o 2
n® =2 (g2 +_HM285 |
np > - VssPM Nssa
B0 - 6013312 x 1022 x Y,
np B 1 nMB"IO
| ‘nM(co'mp) - Anp®
. nMT = nM25 + nMi28 + nMO + nMSSS + nMB + N

(comp)
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4.5.3

(A)y25

(> = /"

(A =/t
| ss S8
A =y /opT

apfeome o)/

Volumes of Components in the Fuel Ell'ements |
- VyE - = VyN]
VME  =VMma * Vssp
§  =N1Vgspm+ Vsp+ VFPDE +Vca + VBR
VSSE = § . (FE only)
VSSE = § + VSCB . (CR onl-y) ‘
vgU92 = zgY02/ Py,
.. B{com .B(com § |
V,E( p)=Y;E ( _ p)/ /OB(comp)
HO -
'.('VF)E' B VWE/’_ VE
“(VRE™ = Vgsp/VE
U0y _ vy UO
(VF)E .2 =Vg 2/ Vg
. Blcomp) _ B(comp) ,.
(VE)gY = Vyg/Vg
X
Rg

38
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4,5.4 Mass of Components in the Fuel Elements

6= Pssa™N1 Vssem +Psp Vsp + pSFP (VrpDE + VCA +PBR VBR

Mg¥ -8 . (FEomy)
Mg = + /O'S'CBVSCB.. ~ (CR only)
MgH20 - = Py.o VWE

4 5 5 Total Core Parameters ‘

The terms with a bar (-) above Lhem denote control rod fuel elements. The
terms Wlthout a bar denote statlonary fuel elements

4.5.5.1 Volume
VCB(comp) - NpVg B(comp) +Np V B(comp)

VCV = NoVVE +}N2 VVE
Vo - =NgVg +Ng Vg -
HyO = - — -
Ve *" =Ny Vyg + Ny Vyg
- ., SS _ e
© o UO: _N. v. .00y = % U032
Ve = N2 VME + Ny VpE
HyO o HoO
(VR 27 =V 27/ vy
RS = v S /v
Uo
(VFIPO2 - Vc ?/vr
V  _yV
(Vhe™ = Vc /Vr

WF)g(cempL V€B(c°mp) Vi

39




4,5.5.2 Masses

MH20 = Ny MpHE0 + §y MgH20
S8 . SS x = SS

M¢ =Ng ‘Mg™ + Ny Mg

MU o Ny 252 4 Ny 72

MU02 =Ny ZpU02 4 NyEy V02
B-10 B-10

| = Ny P10 N2 ¥p
| MGBGCOHIP) N 2Y/ B(comp) . NzYEB(GomP)

HoO

T U0y
MG = MC o

N Mcs‘s + M "fM B(comp)

4.5.5.3 Metal-to-Water Ratio

Re=(M/W)g = Vg'/Ve2®

4.6 PREPARATION OF NUCLEAR PARAMETER INPUT TO THE PDQ(X Y)
OR TURBO, IBM-704 C@E«S

4.6.1 Region #1 (Dead Regions of Stationary' Fuel Element)
4.6.1.1 Thermal Parameters

The macroscopic cross sections have previously been calculdted in Section
4,3.1. . ' ' ' :

.-Z.}{D(l) =-%71-) [CXUSS+VWD9(NH ._XH*'NO d, )]

where:
x = a(absorption), s (scattering), tr(tra,nAsport)v
Vi 1)

Krpa) =0

D, (;1") _=»1/3'ZtrD(1) \

2 - e : "

L°p ) = Ppay Za,D(l)

B
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4.6.1.2 ~MUFT-IIILInput

NuD(1) = V‘I;WD ° Nu
NpD(1) ) ‘i}hD' 0 N
Nssp(1) = & x10%*
D
ND(il)= % [ Vsp Nssp (AF)p + VFPDE NsspE (AF)DE g
+ Vg NggpR (A F)Bﬁ ]

where: = 1 = Fe,Ni, Cr, Mn, C, Si, and Mo

4,6, 2 .Reg-ionf’#z (Active‘Region of Stationary Fuel Element)
4 6.2.1 Thermal Parameters .

These are obtamed as output of the Plate- Type Pg code( ) for statlonary
‘fuel elements.

4.6.2.2 .MUFT-II Input.

Vpa. = CGLN;

Va = Vwcy *+ Vpa = Nj LG(d+ 0
C

(VF)pa. = 37¢
d

: (VF)WA\‘_"' “Td+C

| - d
NHA(2) = (Gre) ONg




. ' A A (o}
Noa@) = (¢ +c) ONo + (d_fé) Np
' ¢
Nisa@) = G+o

o p \28
N(28)A(2) = ‘(d{;c) Np.
3 B 10
NB-10)a(2) = §7 d Np
Nssa@z) = (ﬁ%? Np°>
i

L 1 i
Nal2) = Vv, [ Ny Vsspm Ngsa (AF)y + Vo Nggpp (AF )DE] ‘

where: i = Fe, Ni,Cr, Mn, C, Si, and Mo.

. 4.6.3 Reglon #3. (Dead. Regmps of Control Fuel ElementContammg the
-Side: Plates)

+4,6.3.1 Thermal Parameters

Vp@) = AL (D-G)
VBp) = 2§ [ J1+ 1 - 6]
'VSPD(3) = 2L[EH-N1 ho(c +-z*g;)]

VDED(3). = V(rPDE)D(3) = L N; C (F-G)
‘Vssp3) = Vep) * Vspp(3) * VDED()

Vwp3) = VD) - VssD() |

O3y = Vspp(3) Nssp + VDED(3) Ngspr + VBD(3) NsscB + VR Nsspr.
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N S H oy|
L4D(3)* ‘?D'(s)[o(n(s) Oy + Vwp() oMy Oy + N, Ty )]

where: . x=a (absorpfri:on)i,. s (scattering), tr (transport)
Vi@ = o
¥rp3) = O

RO 1/ 3-ztrD(3) :

.2
Lp@) = PrpG) Tapg)

4.6.3.2 MUFT-III Input

. ' -;VWD(S)q
- Npp(3) =_WJ 0 Ny -
_| Ywp@) | o
Nop(3) Vo) ON,
| &XpE)
Nssp(3) o 1024
oL | | . | i.
Np@) = Vo) | Vspp(3):Nssp (AF)p + Vpen(3) Nsspe AF)pg  +

o i . i
+ VBp(3) Nssce AF)cs + Vpr Ngspr (AF-)BR]

wher e: I".i = Fe, Ni, Cr, Mn, C, Si, and:Mo. -
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4. 6.4 Region #4 (Dead Regions of Control Fuel Element(Perpendlcular

{

LxD(4) =

-where:

44

to the Side P ates)

4.6.4.1 Thermal Parameters
Vpa) = LG (A-:H");'
Vep4) = 2GLjg

Vwp4) = Vp4) - VBD(4)
_VBI(BI: BD(4) NsscB o o

x

U p) = O
Kipgy = O
Proy = V3 2w
2
Lp4) = Drpay/ ZaD(4)
4° .6A., 4,2 "MUFT-II Input
. PV ]
| WD(4)
N = ON._
,_HD(4) | VD@4) | . H
[ Vwb(a)
Naniy =|l——=4 @ N
. OD(4) . Vﬁg(‘l | 0 l%
‘Ngsp(4) -_'BD(4) - NsscB - ,.
) VD(4)
B VBD(@4)
Np@ = ——
VD(4)

+ VWD(4) O(NHU + Ny d )]

= a_(absorption),. s (scattering), tr (transport)

i

i

‘Nggcp (AF)cp




where: | .i = Fé_, Ni, Cr, Mn, C, Si, andaMo,
4, 6.. 5 Region #5 (Active Region of Control Fuvel Element)
4.6.5.1 Thermal Pérameters |
| These a‘r‘e *brinted out as outpilt of Program 54. (4)

4.6.5.2 MUFT-III Input

. Vgaces) = NpdGL
Vpac(s) = CGLNp
 Vacs) - N1LG(@+C) |
(VE) s T

C .
VE)wacs) = T1¢

. d _
Ngace) = G ONm

d ¢ 0
“Noacs) = Gv@ ONo+ @) Np
| hp<g
Nasjace) = Fae) Npo
G
N(28)ac(5) = - Gre N§p28

€ .. B-10
Ni-100ac) = @) Np

.
Nssacs) = (d+6
1

) NP'SS

i
Nac(s)=

_ i - I
VaCG) [ N Vospm Nssa (AF)y + Vop Noopyp (AF )DE]

wh-e%fe:' i = Fe, Ni, Cr, Mn, C, Si, and Mo.
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5.0 PROGRAM-INSTRUCTIONS

Program No. 56 (BOBCAT) is wr1tten for the IBM-650 through the use’ of
the Symbolic Optimail! Assembly Program (SOAP II) The program is divided
 into three parts: _

"Part I for the calculation of fixed element parameters,
Part II for control rod fuel element parameters and
Part III for calculation of total core.

The uecr may run Parts I and II together or separately. Part III is auto-
- matically calculated if Parts I and II are run together, e.g. as one problem.

Included as part of the fixed element deck (Part I) is a BURNUP: table and
a corresponding PSI () table. These two tables must also be used when running
the control rod fuel element program (Part II). Files for density, cross section
- and breakdown of stainless steel for MUFT III must be used with either PartI or
Part II. User must specify in the input which of these files are to be used.

5.1 INPUT

The input to Program No. 56 (BOBCAT) is in floating ,pointform (see .
Appendix. B) with the exception of the identification word which a,ppears as the
first word of ea,ch input card.

The identification word is XXXXoabooc where:

.. XXXX= problem identification (case no.)

a - = 8 fixed element calculation

a - =950 fixed element calculation
b. - =8 control rod calculation

b - =9 no control rod calculation
c

= card numbers, i.€e. 1, 2,3,4

Except for the variable input cards, all data is loaded by the L-1 load routine.
The format for the various input cards is given in the following sections, where
- LLLL and n are L-1 card identification. Special forms are available for the
- various input cards. These forms, together witha sample problem are shown
- in Appendlx F. ' : :

In genera,l the Burnup Table (Section 5.1.1), PSI Table (Sectlon 5.1.2),
Stainless Steel File (Section 5. 1. 3), Density File (Section 5.1.4) and the Cross
- Section File (Section 5.1.5), do not need to be constructed for -every problem. ‘
These may be made up into ""files" which then may be used for future problems. A
set of these files for various temperatures and for various types of stainless steels
are available for the convenience of the user of the code.
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5.1.1. Burnup Table (See Appendix C)

" LLLL 'n Word2 _Word3 Word4d Word5 Word6 Word7 Word 8

1800

7 By By - B3 "By - Bg "Bg - By
1807 7 ,‘B8 - Bg > B1o Biq Bi2 - Bys Big
1814 7 Byg Big Bi7 Big ' Byg Bypo  Bai
. 1821 2 B22 . B23 B . E v o :

5.1.2 Psi () Table (See Appendix C)

LLLIL, n Word2 Word3 Word4: ord Word 6 Word'7 . Word8

1750

7 Wy Yo Y3 Y Ys Ve ¥
1757 7 Yg . Wg - wio Vi1 . VY12 Yiz. Wig
1764 7 Wy5 Yie Y17 VY18 Yi9 - Y20 Va1
17712 gy Y23 S .

For each.value of fuel burnup, B, there must be a corresponding value of \y
- The relationship between B and \_LJ is defined in Section 4 and in Appendix C.

5.1.3 Stainless Steel File (See Appendix D)

LLLL 'n Word 2 Word.3  Word4 Word5 Word6 Word7 Word8

1500 7 (AF),° (AF)y  (AF)y  (AF)a"  (AF)g (AF)y @A@ﬁiq

' . Fe -Ni © ~ Cr ‘Mn .C . Si Mo
- 1507 1 (AF)DE (AF)&DE (AF)D..E (AF_)DE (AF')DE' (AF)DE (AF)DE

‘ T amFe Ni Cr Mn (o€ Si Me
1514 7 (AI_?)P (AF)P (AF)P (AF)'P' ‘AF);P (AF>? (AE);P

- Fe Ni Cr, - Mn € Si Md_;
1521 7 (A'F)BR (AF)'BR (AF)'BR (AF)’;BR (AF‘)BR (AF)BR (AF)ZBR‘

‘Mmn

1528 7 - (aRFe  (aFNL  (AF)CT  (aF AFC " aps  (apMo

(AR)cg  (AF)op - (AF)op (AF).p (AF) o (AF)Lp  (AF)( g
"~ 5.1.4 Density File

LLLL n  Word2 - Word3 - Word4 Word5 Word6 Word7 _Word8

1900 7 Ny No Nssp - NssA  Ngspe NsscB - NsSBR

1907 7,%“1 o /‘(3 P 7 o pUOz /OB(comp)fpSSA

1914 6 Per  Psce Psp Psrp Pmo -~ X
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All atom dcns1t¥ values, (i.e. Ny, No, Ngg, etc) are given in terms of
10‘24, e.q.,2x. 10-24 is entered as 2 % “which m floatmg point form would be
5020000000 (See Appendix B).

5. \1 5 Cross Sectaon F11e

LLLL n Word2 Word3 Wo'rd4 Word 5 Word6 _Word7 _Word8 "

1920 7 025 025 Oy 028 028 Oy Oiss
19217 7 0SS O,trSS. g,B-10 o’sB-lo o’t-rB-lo J,H O
1934 7 O 00 00  0u0 V0425  OopB-10 Gyp25
1941 2 Xy Qe ‘

All cross sections have the units of barns (i.e. x 10‘24)°
5.1.6 Input Cards (Variable Cards)

Wordl = Word 2 Word 3 - Word 4 WQ'rd }55 Word 6 Word 7 _:WO'rd 8

IDENT Zo Y, B A A D
" IDENT F G ot e g h. E
'IDENT H H' L € 0 VBR 4

- IDENT Nj . N2 SJ1 - J9
5.1.7 Special Input Cards

The input cards described in the previous sections are sufficient to run the
BOBCAT code. However, if it is desired to obtain the MUFT-III and/or various
" P3 code card input following the completion of BOBCAT, it is necessary to include
additional input information for the edit program. In addition, to the unedited
. output (Section 7 and Appendix F), special ""comments'' cards must be added.
These special input cards are described in the following sections. ‘
AN ' 5.1.7.1 Comments Cards
The comments cards precede all edit program.input cards (BOBCAT output
cards) for a particular run for one individual. These comments cards will con-
tain the individual's name, some indication of the project, and the date. Only
alphanumeric information is acceptable.- A total.of 30 characters including blanks
may be specified on each card and are punched into columns 11 through 40.
. A sample format for the comments cards are ‘shown with the sample problem .
in Append1x F. - The information contamed on the two comments cards 1s as follows
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: CARD #1 :
. Col. 11-30 Requestors' Name
Col. 31-32 Number of Month (XX)
Col. 34-35 Number of Day (XX)
Col. 37-38 Last'Two Digits of Year (XX)

Col. . 74 - High X
. Col. 75 . Low X

CARD #2

Col. 11-40 Projéct Information (alphanumeric)
Col. 74 . High X |
Col. 75 Low X

5.1.7.2 Flux Cards

For the P4 calculations as performed by the plate-type P3 code (stationary
element) and Program No. 54 (control fuel element), the number of flux points
desired in the various regions may be specified by use of the special flux cards.

It is a requirement of both P3 codes that a minimum of two flux points be specified
" for each region (active, dead, etc). When two flux points are specified, only the

- Pg fluxes at the boundaries of each region are calculated and printed out. Two
types of flux cards may be used: one for the stationary fuel element and the other
for the control rod fuel element.

If no flux cards are used, the edit program assigns a value of two for all
- flux point numbe!‘s It should be noted that once flux point values are specified,
these values are iised continuously in a given run unless new flux cards are
specified.

The format of the flux card for the sta,tlonary fuel element Pg cal(:ulatlon
(by the plate-type P3 code) is shown below. A sample format is shown in Appendix °
F. The nomenclature is as follows:

' XXXX - = problem identification (case number)
Oplate = number of flux points to be calculated and printed out for the fuel
plate (P3 flux distribution perpendicular to the fuel plates).
(nplate = 2).

Nchannel = number of flux points to be calculated and printed out for the water
: channel (P3 flux distribution perpendicular to the fuel plates) ‘

- {nchannel = 2).

'ndead = number offlux peints to be calculated and prmted out for the dea,d
region (P3 flux dlstrnbutlon para.llel to the fuel plates)
(ndea.d = 2). ‘
Nactive = = numlber of flux points to be calculated and printed out for the active

region (P3 flux distribution parallel to the fuel pla,tes)
(nactive = 2).
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The format of the flux card for the control rod fuel element Pg calculations
(by Program No. 54) is also shown below. A sample format is shown in Appendix
- F. The nomenclature is as follows: ‘

XXXX = problem identification (case number).
N¢ = number of flux points to be calculated and printed out for the
' - P3 flux dlstrlbutlon calculation within and perpendicular to the
v fuel plates. (Nj= 2). "
" Nm = number of flux pomts to be calculated and prmted out for the
P4 flux distribution calculation in the water channel, perpendlcular
to the fuel plates. (N, = 2).

Ny’ = number of flux points to be calculated and printed out in the active
: - region for the cylindrical Pg calculation.. (Ng' = 2).
Np' - = number of flux points to be calculated and printed out in the dead-

region for the cylindrical P3 calculation.- (Ny,' = 2).

Stationary Element . Control Fuel Element
Flux Card Flux Card
632XXXX010 ' : XXXX540200

TDplate . Ny
~ Dchannel | Nm

Ndead - - Nf'

Nactive N’
O-~omomene 0 0-------~-- 0
0---vouee 0 0--------- 0
0---cuum- 0 0--=-emmen 0

5.1.7.3 MUFT-III Input Cards

If it is desired|to run the MUFT-III code following the completion of the
BOBCAT code, additional input cards are needed.. These cards include the
Title Card, Number Density Cards, and the Heading Card. These cards are
punched from special input forms (NPED-1029-1159 Revised and NPED-1032-1159)
. which are available to the program user. These forms, together with a sample
- input format, are shown in Appendix F.

The Title Card contains the number of cconstituents to be included in the
MUFT-III calculation. The Number Density Cards specifides the MUFT-III
- cross section file number corresponding to each constituent.. The Heading Card
specifies the neutron energy group break points, the slowmg down approximation
desired, and the source set to be employed.'.
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' There are three options for the running of Program No. 56 (BOBCAT),
the user must specify to the operator which of the options are desired.

6.0 OPERATING INSTRUCTIONS

6.1 OPTION-1: STATIONARY ELEMENT ONLY

A. Console setting 701951XXXX.

1. Deck Makeup

Program Deck Part I (F.E.)
Burnup tablé

Psi table.

Stainless steel file

Density file

Cross section file

Input cards (4) (m order- col 10)

6.2 OPTION 2:- CONTROL ROD FUEL ELEMENT ONLY

A. Console setting 701951 XXXX.

1. Deck Makeup

)
b)
©.C)
d)
c)
g)

6. 3 OPTION 3: STATIONARY ELEMENT, CONTROL ROD FUEL ELEMENT,

Program Deck Part II (C.R. )
Burnup table

Psi table

Stainless steel file

Density file

Cross section file

Input cards (4) (in order - col. 10)

AND TOTAL CORE

A. Console setting 701951XXXX.

1. Deck Makeup

a)
b)
c)
d)
e)
f)

Program Deck PartI (F.E.)
Burnup table

Psi table

Stainless steel file

Density file

Cross section file

and



' g) Fixed element mput cards (4) (in order - dol 10)
h) Program Deck Part II (C.R.):
i) Burnup table* i
.j) Psi table* ‘
k) Stainless steel file*
1) Density file*
m) Cross section file*
n) Control rod element input cards (4) (in order - col. 10)
- 0) Program Deck Part III (T.C.) :

H
1

" % If the same tables and/or files are to be déed for control rod fuel element
calculation, it is not necessary to place tables and/ot files behiud Part II

- (C.R.) program deck. The only files that need be included with Part II are
those which are different from files previously used with Part I,

6.4 STOPS | -

0199999999 - Input cards out of order.

6.5 TIMING

The time required for BOBCAT calculations depends upon the calculatmn
option.. Including program deck read-in, the t1m1ng requirements are as.follows:

(a) Stationary fuel element alone o : 2 min. 37 sec.
(b) Control fuel element alone ' - 2 min. 37 sec.
“(c). ‘Stationary and control fuel elements 5 min. 37 sec.
1. Stationary element 2 min. 37 sec. :
-2. Control element 2 min. 25 sec.
3. Total core parameters ~ 35 sec.
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-.7.0 OUTPUT

. The output of Program No. 56 (BOBCAT) may be obtained in two different
forms. The unedited format is showh in the following sections. The edited

" format of the output is shown in the sample problem given in Appendix F. The
“edited format is the most convenient and commonly used form of the output.
Each-value is preceded by an "identification' symbol described in Section 3. 2.
The edited output may be obtained for a stationary fuel element.alone:, or a
control rod fuel element alone. - Total core parameters are obtained only if
both stationary and control rod fuel elements are calculated. Total core
parameters fbr a core consisting entirely of stationary (or control) fuel ele-
ments may be obtained by spec1fy1ng the input value of Ng(or N9) to be. equal
to Ng + N .

Each card of the unedited output contains an identification word
(XXXXoabLoc), where:

(X

o
>
o

problem identification (case number).

8 for stationary fuel element calculation.

9 for no stationary fuel element calculation.

8 for control rod fuel element calculation.

9 for no control rod fuel element calculation.

.= 1 for stationary fuel element output for one-dimensional
calculations. :

= 2 for stationary fuel element output for two-dimensional..

calculations.
= 3 for control rod fuel element output for one- d1mens1ona1 -
calculations.

- = 4 for contro]l rod fuel element output for two- d1mens1ona1

calculations.

= 5 for total core parameters.

[ I TR ||

£t £ © oo

7.1 UNEDITED OUTPUT - STATIONARY FUEL ELEMENT

- 7..1.1 Output Used for One-Dimensional Calculations (Section 2.1. 1)

_Card 1 _ Card 2 Card 3 - : Card 4 :
XXXXcabLoc" - XXXXoabLoc XXXXoabLoc XXXXoabLoc
2.0 | 2p | | :YEB'10 vgU02

}:sD | Z{tRP | -YEB-(Comp) Mg SS

ZE‘;«D , LacH Vg mgHEO

!
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Card 1_
Continued

ZaLBP
ZsPB_

Z:tr:PB

Za,Pz

Card 5
XXXXoabLoc

_Card 9
. XXXXoabLoc

D
SACTIVE
' PDEAD
Q.

p

56

_Card 2
Continued .~

zsCH

LircH
25

ZE'

ZEUOz

Card 6
XXXXoabLoc

Vea

VMA

"Vssp

Card 10
XXXXoablLoc

L N.25

C

L N.28
Ne28

Cardf 3
“Continued ~

VwE
VVE
.VME |
VSSE

Card 7

- XXXXoabLoc

Card 11
XXXXoabLoc

. N.SS

C

- Rg%

Fe -
Ng

Ni
NC

i C
Net
Mn

.Ng

N

" Np

Card4
- Continved -

Zor Z

A

- YEQ.F.P.

YorY

Card8
XXXXoabLoc

VsspMm
SS

Np

VY pp

. _Card 12

- XXXXoabLoc

Ncsi
.N.CMO :
ND-'FAe
- Ni

. NDCI‘




Card 13
XXXXoabLoc
Mo
- Np
NAFe

Card 17
XXXXoabLoc

o 'V
VFE
NMT

N Mo

- _Card 14 L

XXXXoabLoc
St

A

_ MPB(qomp)

MpSS
MpT

AM

‘AM

Card 15 : -
XXXXoabLoc
‘B(comp)
WM .
SS .
WM
wymP
25
AM
28

Ap©®

Card 16
XXXXoabLoc

AMm

ApyBlcomp)

o B(com
Vg p)

. H
Vpg20
ss

VFE

Vpg20

VFEB(comp) 4

7.1.2 Output Used for Two-Dimensional Calculations (Section 2.2.1) .

: Card 1
- XXXXoabLoc

_Card 2

- XXXXoabLoc

(VF)py

(VF)WA -

' Nga

Card 3

- XXXXoabloc

Ngsa. -
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7.2 *UNEDITED OUTPUT - CQNTROL ROD FUEL ELEMENTS

7.2.1 Output Used for One-Dimensional Calculations (Section 2. 1. 2)

- Card1
- XXXXoablL.oc

Card 5
- XXXXoabLoc

Yy
o

58

Card 2
XXXXoabLoc

Lsp
Lip
z:-a'f,‘H
Z:sCH
Z\ti"CZH_
7.2
UO2

Card 6

XXXXoabLoc

Card3
XXXXoabLoc

- ygB-10

: YEB(comp)

VssE

Card 7 -
XXXXoabLoc

Card 4
XXXX oabLoc

. 8S
Mg

"YEQ.F.P.

"YorY -

- Card 8
XXXXoabLoc



_Card9
XXXXoabLoc

Card 13
XXXXoabLoc

_Ni
Npj

C
Npp *
. Mn

C
ND1
ND].SI
Np3M°

Fe
Npg

Card 17
XXXXoabLoc

A.Mz 5

Am

28

Npg

'

_Card 10
XXXXoabLoc

W

(VF)op

25
NC%

- _Card 14
XXXXoabLoc

Ni
Cr.
Npa

NDZMI’P

Card 18-
XXXXoabLoc

Card-11

. XXXXoabLoc

Card 15
XXXXoabLoc

" Card 12
XXXXoabLoc -

‘NCNI'

NCCr‘

Card 16
XXXXoabLoc

' B(comp)
MP :

SS
Mp

T
Mp

Uo
Wt 2

WMB(comp)
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‘ '?\22 '_Outpu't Used for Two-Dimensional Calculations (Section.2.2. 2,!"

_Card 1l

" XXXXoabLoc.

Vpi
" VBD1
VspD1
VDEDI

" Vsspi

Card 5
XXXXoabl.oc

'Vac
- (VF)pac

(VFlwac
NHAC
N0
Nac

‘Nac

Card 2
XXXXoabLoc

Lap1
Zép1~
ZtrDi
L aD2
L 4p2

Z‘tiﬁDZ

- Nypi

Card 6_

XXXXoabLoc

“B-10

SS

- Card 3
XXXXoabLoc

Nop1

Nssp1
Vb2

v

" VBDp2
:JV

wWD2

D1p1

2
L p1

7.3 UNEDITED OUTPUT-TOTAL CORE PARAMETERS

_Card 1
- XXXXoabLoc

. Card 2 -
XXXXoabLoc

M U2

M.CB-IO

Rc
VéBwomp)

| VcUOz
- (VF) éHZO

McUOZ .
L MéB(comp)

_Card 3

- XXXXoabLoc
‘; (VF)CUOZ

(VE) M

Ry
| (V‘F)éB(coimp)

T
Mc

Card 4

XXXXoabLoc

Drp2
2
L®Dpa

Nup2

- Nopg
- Ngsp2
- Vwac

- VpPAC
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11.

12.
13.
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. APPENDIX A
' BOBCAT FLOW CHARTS

The flow charts, showing the order of calculations performed by the BOB-
CAT code, are shown in Fig. A.1 and A.2. Figure A.1 presents the flow chart
for the stationary fuel element calculations while Fig. A.2 presents the flow
chart for the control rod fuel element calculations.




.FIGURE A.I
BOBCAT STATIONARY FUEL ELEMENT FLOW CHART

READ A READ B
/ B
T BLOCKS
REA(DL |F)ILES READ INPUT | cLEAR SE
: ) : PUNCH BAND FOR B=0
LOADING
Y .
‘caLc 2,25, cALC. CALC.ZYeq.tp| SET BLOCKS SET 2:2o
yep?_ﬂo' mud A : Yy avy FOR B $0 Y = Yo _ ‘
| VOL.& VOL.FRAGT) . "’ CROSS SECTION
geo  |CALC Ze W02 ‘CALC. Aq,Va, vfo, Vea, C, Vsp e
@I, bicome) (30} Ve.Va, (V) a, . . :
Ye (VF) d Vma, Vwa Vssd Vwd
B40 : » :
. y
CALC. Vsspm, v, “°2P, Np25 Ny 28 b-10 CALC.
2 ss Voo MNp '
xb (comP) 2
p Np 'VZQP ve" P Np, Vm, Vv xd
P3 ' : MUFT IIT
caLc. : , a CALC @ S ACTIVE | o Nc25 Ne 28
. 9.8, 0, _‘_.
, ‘_' 0
Z,‘, Zyen S DEAD _ Nep , Vwe
. MISC.
= - .
Am® Ap o0 N © Nm“,Nmb ] Mpuo?.Mpb(COMP),ﬂMpss' = TLITIR
b, (COMP), 1 ' __B=0 17¢ rUew
Am ,Am 25 28 W 38 w bN 25N 2.8 Ne uNe
)

7.4

(CONTINUED ON NEXT PAGE)
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FIGURE A.I(CONTINUED)

v, U0 ' s B(COMP)
Yve Vue, § () B=0 E 2, VRT3 My (VF)g rRgX, §
' v 7S B(COMP) uo (VF) v S—> M_SS
CALC CALC. CALC. CAILC- CALC. ‘CALC. -
| ! ! - | ]
NAC No2 No Na Np Ne
CALC. PDQ
SETUP / TRANSFER D, L 2
P o
{ o { N
FOR PUNCH ou FOR CR. CALC. HD' 0D’ SSD
' READ IN / Noa »N2sa, Vpa ’VA(VF)PA
L PUNCH PDQ Noo o N :
CR. DECK 28A ' 710D (VF) N
NssaA WA'VHA




FIGURE A.2
BOBCAT CONTROL ROD FUEL ELEMENT FLOW CHART

READ A READ B
/ CLEAR
READ FILES READ INPUT )
(Ln PUNCH BAND

_ - .

] CALC.'Z'E CALC. CALC"E':YEQ'F."? SET 2:=20

1. & - : ivo
Y810 mu, ] b vay Y=yo

VOL.8VOL.FRACT.
80 carc.z_ Y02 CALC.Ap' Vs - CALC. VearVear
£ -~ verg Ma*Vwa
BtO i '
CROSS SECTION ]
v_.n. B-10 CALC. e Vscle C.Vgp
PP = v, : v
XD WD Vsso DE
A
25 N 28 U0z .
Np 25,N 28 Ve 2p Vsspm s —>COONNle:)E($
o ‘ B(COMP) ss . XBP 2xp
Np vanvv. VE P NP ) WZFP T PAGE
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A0, Ay SS

S xCH

FIGURE A.2(CONTINUED)
P3

[¢) SS
N 'Ny ’NM

B 5 B(COM
AyB.a,, (COMP

Apm25,A, 28

NMB.NMB(CP')N

> Qa'Qprw, W
(‘ ) ' A

D

MISC.
MpU02,M BICOMP) y SS

» U0 P)
MPT'wM 2 ,WMB(COM ‘

SS -
wM .WM ’NM 'NM

|

YveVme' &

F+ Vsca™%sse

4

SETUP

FOR PUNCH| " -

TOTAL CORE

PUNCH

MUFT I
Nc25,Ng 28,
o .
Negp ™+ VWE
NcH.New©,
opN B:=10
NN
REX, 5,
MESS:A
S1PsceVsce
2
PUNCH
PDQ

V% (VF g 2 AVFI (VF) g BICOMP)
- . v
vgBlcomP) (vF)g Y02 WFI,
N
oI
( PuNcH CALCULATE
OUTPUT PDQ
CALC.
TOTAL CORE




APPENDIX B
FLOATING POINT NOTATION

Floating point numbers, as used in BOBCAT, are comprised of two parts, -
a characteristic and an abscissa. The expression of numbers in floating point
form is accomplished by the following steps: =

1. Express number in powers of 10.

1.23456 x 102

123. 456 =
0.000123= _1.23 x 10~-4
-36724.1 =-3.07241 x 104

-2, The characteristic is formed by adding 50 to the exponent to avoid nega-
tive characteristics. The abstissa part is the major part which must be
less than 10 and greater than or equal to 1.  The characteristic, CC,
and the abscissa are then arranged as follows:

CC XXXX XXXX +
Thus:
123, 456 —= 52 1234 5600
0.000123 —= 46 1230 0000

-36724.1 —= 54 3672 4100-
-0.00239 —= 47 2390 0000-

The quantity zero is expressed as 00 0000 0000 +. Maximum and minimum-
- characteristics are 99 and 01 with the exception of zero.

- B-1



APPENDIX C
FISSION PRODUCT POISONING

F1ssmr1 product poisoning due to fuel burnup is included in the BOBCAT code |

" by defining an amount of B-10 which is equlvalent to the poisoning due to fission

products. The code uses a term \{/, which is a function of fuel burnup B, and

- is defined as grams of B-10 per initial kilogram-of U-235.. This factor \y, as a
- function of fuel burnup, was taken from data given in reference (11) and is built °

into the code as a table look-up.. If new data becomes available, this table may
be changed.. The values of \ypresently used in the code are given in Table C. 1.

It should be noted that the-equival‘ent amount of B-10 is included both in
the calculation of thermal parameters .and in the calculation of the fast para-
meters; therefore, .some account is made of the epithermal poisoning effects
of the fission products. .

. TABLE C.1
FISSION PRODUCT POISONING (\l/)
Burnup B N . Burnup B : V
0 0 0.2125 0.175
0.003 0.025 0.250 0..185
0.010 0.05 0. 30 0.1975
.0.018 ©0.075 - 0.305 0.20
0.033 0.10 0.350 0.210
0.05 0.112 0. 40 0.2225
0.069 0.125 0.41 0.225
- 0.10 0.135 0. 45 0.235
0.135 0.150 0. 50 0.-248
0.150 0.155 0. 505 0. 250
0.20 0.170 0.550 0.260
| 0. 60 0.2723

C-1




APPENDIX D
COMPOSITION OF STAINLESS STEEL

. Provision has-been made in the BOBCAT code to calculate the number

- densities of stainless steel in addition to the number densities of the materials
composing stainless steel. The input to the code includes values -of (AF) 1 atom
fractions, defined as follows:

(AF)] = Njj/Ngg;

_ n
Nssj =% Ny
=1
- where:
Nij ‘='gtoms of comp'onept i m stainless steel of type.j per cm3 of steel.

.. Provision has been made for eight different components of stainless steel
including, Fe, Ni, Cr, Mn, C, Si, and Mo. For most calculations, only Fe, Ni,
. Cr, and Mn are consndered in these cases, (AF) .C = (AF) Si = (AF) Mo = 0.

Tables D. 1 through D. 4 presents data for various stamless steels which are most
commonly used for the APPR- type fuel elements only Fe Ni, Cr, and Mn are
+ included in general. X




- Atom
(i)

- Fe
Ni
Cr

- Mn

Si
- Mo
. {Other)

TABLE D. 1

TYPE 304 L* STAINLESS STEEL

Density = 7.9 'gms/"cm3

i=1

* Type of steel used in the SM-1 Core I fuel elements. |

-Atom
(1)

- Fe
- Ni
" Cr
" Mn
- C
Si
Mo ‘
(Other)

TABLE D. 2

TYPE 302B* STAINLESS STEEL

Density = 7.9 gms/i:m3

i=1

Weight. - Atomic Ni x-1024 “Atomic Fraction
Fraction Weight (Atoms/cc of steel) (AF);
0. 68902 55. 85 0.058701 0. 689700
0.09 58. 69 0.007296 0.085723
0.19 52. 01 0.017382 0.204227
0.02 54. 93 - 0.001732 - 0.020350
0.00028 12.01
0.01 28. 09
- 95,95 ( OMIT
0. 0007 |

'4

4 '
Y. Ny== 0.085111x 1024 ¥ =1.000000

Weight ~ Atomic Nj x 1024 Atomic Fraction
Fraction Weight ~ (Atoms/cc of steel) (AF)
0.69778 55. 85 0. 059447 0.708648
0.0852 - 58.°69 0. 006907 0.082336
0.1822 52.01 . 0.016668 0.198693
0.010 54.93 0. 000866 0.010323
. 12.01
0.0239 . 28,09\ .
- - 95.95( OMIT
0.00092
4 L 04 4 :
§ Nj = 0.083888x10°%  § =1.000000
i=1 , N v |

* Typ\e of steel used 'in fuel matrix in the SM-1 Core I fuel elements. -

p-2



. TABLE D.3 )
" BRAZE* STAINLESS STEEL

Density = 7.56 gms/cm®

Atom Weight Atomic Ni x.1024 * Atomic Fraction
() Fraction Weight (Atoms/cc of steel) (AF)4
. Fe 10.2658 55. 85 0. 021670 0. 3552170
Ni 0. 4946 58. 69 0.038372 0. 629090
Cr 0.0041 52. 01 0. 000358 0.005869
. Mn 0. 0072 54.93 0. 000596 10.009771
e - 12.01) -
Si | 0.1130 28.09 | ~y
Mo 0.0755 95. 95 OMIT
(Other) 0.0398
4 4
Nj = 0.060996x 1024 ¥ = 1.000000
1

i= i=1

- * Type of steel used aé braze material in the SM-1 Core I fuel elements.

TABLE D. 4
TYPE 347* STAINLESS STEEL | | -

Density = 7.9 gms/cm3

+ * Type of steel as used in the SM-2 Core I fuel elements.

4

ti=1

- Atom Weight Atomic Nj x 1024 Atomic Fraction
(i) : Fraction Weight - (Atoms/cc of steel) (AF);
. Fe - 0.70028 55. 85 0. 059660 0.700317
Ni 0.0955 58. 69 0.007742 0. 090880
Cr ©0.1829 52. 01 0.016732 0. 196408
Mn 1 0.0122 54.93 0.001056 0.012395
o 0. 00049 12.01 ~ |
Si 0.0068 28. 09
Mo 0.0005 95, 95) OMIT
" (Other) - 0.00133

4
Y Nj=0.085190x10%4 ¥ =1.000000
i=1




. APPENDIX E
. UTILITY OF THE BOBCAT CODE

- The BOBCAT code together with MUFT-III and thevarious P 3 codes des-
cribed before, greatly facilitates the calculation of nuclear parameters, atomic
numper dens1t1es and other miscellaneous data, -as input to many IBM nuclear
" codes of interest.. The most commonly used nublear codes as employed by
Alco's Core Analysis Group, at the present time, are shown.in Fig. E. 1.

Each code requires either nuclear parameters or atomic number densities, or
. a combination of both, as part of its input.. These codes are summarized in

- Table E.1.. A summary of the calculations performed-and the output obtained
- from BOBCAT are shown in Fig. E. 2.

TABLE E.1
SUMMARY .OF VARIOUS IBM-CODES
. : - ~ Flux and Power .7 Control Rod
- Core Burnup Reactivity - - Distributions “Shielding Worth
TurBo(10) ppQ8)9) . PDQ “roc(1T) - scram(18)(19)(20
cANDLE(") TURBO -wanpa(l4) PDQ
- NuB-1(12) FINK-1(13) TRANVAR(15)
VALPROD(®) ~ VALPROD

WINDOWSHADE(6) WINDOWSHADE

CANDLE pL-MG(lG)
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IBM-650 CODES
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ONE - DIMENSIONAL CALCULATIONS

UTILIZATION OF THE BOBCAT CODE

BOBCAT
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OUTPUT
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FAST
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i
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A
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SCHEMATIC DIAGRAM OF BOBCAT CALCULATIONS

STATIONARY FUEL INPUT , CONTROL ROD
ELEMENTS : ‘ FUEL ELEMENTS
& - Al
REGION PARAMETERS ELEMENT PARAMETERS TOTAL 'CORE REGION PARAMETERS ELZMENT PARAMETERS
PARAME TERS
MISCEL LANEOUS
MISCELL ANEOUS g ouTPUT
DEAD REGION ACTIVE REGION OUTPUT DEAD RE(::ON DEAD RE(;ION ACTIVE REG,:ON :
tresion 1) (REGION ¥2) (REGION '3) (REGION "4) (REGION *5)
4
HERMA
DALA:EA:':E;s‘ ' ‘ THERMAL THERMAL PRCGRAM 54 MUFT - II
: } PARAMETERS PARAME TERS -
- o
[REGION 1) PLATE - TYPE (REGION 3} (REGION %) .
P-3 CODE )
THERMAL . FAST
PARAMETERS PARAMETERS
: (BLEMENT | ELEMENT)
. Lo . .
MUF T -I0 MUFT-II MUFT-II AND -
RZGION5)
FAST ) FAST THERMAL FAST
PARAMETERS PARAMETERS PARAMETERS PARAMETERS ’
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. APPENDIX F
' SAMPLE BOBCAT PROBLEM

A sample problem, as performed by the BOBCAT code, is presented on the
- following pages. The case cons1dered -‘was the SM-1 Core I as described in ref-
erence (21). II‘he core temperature and pressure were taken at 68°F and 1200 psia,

v respectively. The data used in the input represents the best information avallable
- at the time of this report

. The input is presented vu Lhe special torms which have been especially -
deS1gned for this code. The cross section data was taken from reference (22)

The output listing of the code= is also presented. The output is presented

" in its edited form which is most convenient for use by the user of the code. Also
presented are the input cards to the MUFT-III and various Pg, . IBM-650 codes,
as described in Section 2 of this report.
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NPED-1086-561

PROGRAM NO.. 56 (BOBCAT)
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- PROGRAM NO. 56 (BOBCAT)'
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PROGRAM NO. 56 (BOBCAT) SPECIAL INPUT CARDS .
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FROGRAM 56

CASE NO 9998

PROJECT

WILLIAM S SMITH

SM=~1 CORE T TEST CASE

STATIONARY ELEMENT PARAMETERS

l .

2

10
11
12
13
14
15
16
17.

18

Z BAR

PSI

Y.éAR

A UOZ ELEMENT
MU SUB 4

VOL ACTIVE
VOL DEAD.

VOL FRACT DEAD

VOL CLAD ACTIVE

VOL H20 ACTIVE
VOL SIDE PLATES
VOL SS DEAD
ALPHA

SIGMA S.DEAD
VOL PLATE

SIG A B10 PLATE

SIG TR B10O PLAT

N U238 PLATE

6/10/61

5128620000
0000000000
4820030000
5263165452
4918336612
5326593285
5241617454

4913531917

5216295460

5321786124
5192579742
5214121057
5111913807
5019031216

5126706448

. 4913225627
4913244150

4620182340

DELTA
Y EQ FISS FRLD
Z 25 ELEMENT

Y B10 ELEMENT
Y B COMP ELIM
voL ELEMENT
VOL -FRACT ACT

VOL FUEL ACTIVE

VOL METAL ACT

C
VOL DEAD EDGZS
VOL H20 DEAD
SIGMA A DEAD
SIGMA TR DEAL

N B10 PLATE

SIG S B10 PLATE
N U235 PLATE

N OXY PLATE

505720201 L

0006C000000

5251516000

4936054000

5025905536
5330755030
4986468083

5231776147

5248071607

4874930000

5144286441

5227496397

4876232957

5016425980

4545100209

461984409L

- 4727451569

4758939606

o

3

3

3



71-4

19
20

21

. 22

23

24
25
26
27
28

29

30

31

32
33
34
35

36

37

38

39

40

VoL MEAT PLATE
VOL UO2 PLATE

VOL SS MEAT
SIGMA A PLATE
SIGMA TR PLATE
D LOWER CASE
SIGMA A H20
SIGMA TR H20

S DEAD

P LOWER CASE

M LOWER CASE

N U238 ELEM
VOL H20 ELEMENT
N OXY H20 ELEM
N B10 ELEMENT
N FE ELEMENT

N CR ELEMENT

N C ELEMENT

N MO ELEMENT

I

'MASS B COM MEAT

TOTAL MEAT MASS

WF B COM' MEAT

5117653415
5032194420

5112650695
5016957206
5024513565
4933958388

4817015313

- 5019408372

4966069387
5032258000
4920725694
4531545978

5324535763

4826704185

4470493817

4810154689

4729291246

0000000000
0000000000
4914391964
5213517632

4710646808

VOL VOID PLATE
VOL B COM PLATE
N SS PLATE
SIGMA S PLATE
NU SIG F PLATE’
VOL H20 CHANELS
SIGMA S H20

S ACTIVE

Q LOWER CASE

L LOWER CASE
N U235 ELEM

N OXY PLATE EL

"N HYD ELEMENT

N OXYGEN ELEM
N SS ELEMENT
N NI ELEMENT
N MN ELEMENT
N-ST ELEMENT
MASS UO2 MEAT
MASS SS MEAT
WF UO2 MEAT

WF SS MEAT

5017265040
4856773035
4868588462
4976577125
5029239747
5321786124
5024281386
4981923402
5037306250
4837465000
46462908137
4692125469
4853408372
4827625440
4814594485
4712768633

462338072/

‘000000000

5135091917
5199940490
4925960106

4973933430

3#*

ok




GI-d

41

42

43

44
45

46 -

47
48

49

50

51

52

53

54

55

56 -

57

58

59 .
" 60
61

62

WF B MEAT

AF U235 MEAT
AF OXY MEAT

AF B MEAT
VOL VOID ELEM
VOL SS ELEM ;
VOL B COM ELEM
VF SS ELEM

VF B COMP ELEM
R SUP X ELEM
MASS H20 ELEM

SIG S REG 1

NU SIG F REG 1

D THER REG 1
N;HYb REG 1

N SS‘REG 1

N NI REG 1

N MN REG 1

N SI REG 1
VOL H20 REG 2
VoL OF REG 2~

VF H20 REG 2

4680809272

4856180760

4912062231

4746615866

5131077072
5253187768
5010219146
4917294006
4633227559
4925347760
5324567659
5019031216
0000000000
4920293056

4844230944

4828626948

4727999656
4657582246
0000000000

5321786124

5326593284

4981923403

TOT MEAT ATOMS
AF U238 MEAT
AF SS MEAT

AF COMP MEAT |
VOL METAL ELEM
VOL U02 ELEA
VF H20 ELEM

VE y02 ELEM

VF VOID ELEM
MASS S5 ELEM
SIG A REG 1
SIG TR REG 1
K THER REG 1

L SQUARE REG 1

N OXY REG 1

‘N FE REG 1

N CR REG 1

N C REG 1

N MO REG 1

VOL PLAT REG 2
VF PLAT REG 2

N HYD REG 2

5013049555
4741303983

4981323960

47116535965

5262192664

5157949955

4979778049 -

4818842431

4810104711

5342003565

4876232957

5016425980

0000000000
5026612793
4822115472
4819521066
4757200957
0000000000
0000000000
5248071607
4918076596

4854844605

3

3

*

M

X

E3



OXY REG 2.
U238 REG 2

$S REG .2
NI REG 2
MN REG 2

SI REG 2

4828487729 .

4536482800
4812398459

4710385037

. 4618028322

0000000000

U235 REG 2

B10 REG 2
FE REG 2
CR REG 2
C REG 2

MO REG 2

4649523052
4431525825
4786873235
4724923485
0000000000

0000000000



CONTROL ROD ELEMENT PARAMETERS

1

2

10
11
12
13
14
15
16
17
18
19

20

[T-4

21

Z BAR

PSI

Y BAR

Z U02 ELEMENT

MU SUB &4

vOL ACTIVE

VOL DEAD

VOL FRACT DEAD
R BAR ELEMENT
VOL CLAD ACTIVE
VOL H20 ACTIVE
.

VOL DEAD EDGES
VOL H20 DEAD

SIGMA A DEAD

'SIGMA. TR DEAD

N B10 PLATE

SIG S B10 PLATE
N U235 PLATE

N OXY PLATE

VOL VOID PLATE

5126110000
0000000000
4818280000
5251222919
4918336612
5321572435
5291825954
4929857214
5042095593
5213218854
5317672873
4874930000
5139365726
5259896809
4878055730
5016371782
4545101820

4619844800

4727442565

4758920273

5015756048

DELTA

Y EQ FISS PROD
Z 25 ELEMENT

Y B10 ELEMENT

Y B COMP ELEM
VOL ELEMENT

VOL FRACT ACT

R BAR.ACTIVE
VOL FUEL ACTIVE

VOL METAL ACT

-VOL BASKET ELEM

VOL SIDE PLATES
VOL SS DEAD
ALPHA

SIGMA S DEAD
VOL PLATE

SIG A B10 PLATE
SIG TR B10 PLAT
N U238 PLATE
VOL MEAT PLATE

VOL U02 PLATE

5057202011
0000000000
5241776000
4929248000

5021015286

5330755030 °

4970142786
5035255601
5225776766
5238595620
521911294

5184934562

5231929145

5127082090

5018917467

5124372263
4913226099
4913244623
4620175719
5116110479

5029370940

*

¥



8T -d

22

23

24
25
26
27
28
29
30

31

32

33

34

35

36

37

38

39

40

41

42

43

VOL B COM PLATE
N SS PLATE

SIGMA S PLATE
NU SIG F PLATE
VOL H20 CHANELS
SIGMA S H20

Q LO CASE sSUB A

W LOWER CASE

" VF PLATES ACT

SIG PRIME DEAD
N U235 ELEM
N OXY PLATE EL
N HYb ELEMENT
N OXYGEN ELEM
N SS ELEMENT
N NI ELEMENT

N MN ELEMENT

N ST ELEMENT

"MASS UO2 MEAT

MASS SS MEAT
WF U0O2 MEAT

WF SS MEAT

4851812835
4868591771

4976578956
5029230157
5317672873
5024281386
4981923403
4837465000
4918076597
4933262423
46346795604
4674707539

4851507606

4826500878

4817502788
4715249402

4630484666

0000000000 -

5132014324
5191213139

4925952201

4973941331

VOL SS MEAT
SIGMA A PLATE

SIGMA TR PLATE
D LOWER CASE
SIGMA A H20
SIGMA TR H20

Q LO CASE SUB D

"W UPPER CASE

TOTAL SIG DEAD
SIG STAR DEAD

N U238 ELEM

VOL H20 ELEMENT

N OXY H20 EL

N B10 ELEMENT

N FE ELEMENT

N CR ELEMENT

N C ELEMENT

N MO ELEMENT
MASS B COM MEAT
TOTAL MEAT MASS
WF B COMP MEAT

WF B MEAT

5111545967
5016952711

5024509254

4933958387
4817015313
5019408372
4965228626
4§20725693
5019698024
0000000000
4525581659
323664553
4825753803
4457186529
4812141535
4735314648
0000000000
0000000000
4913134554

5212335880

4710647439

4680814062

3



6T-d

44
45
46
47
48
49
50
51
52
53
54
55
56
57
58

59

60

61
62
63
64

65

TOT MEAT ATOMS

AF U238 MEAT

‘AF SS MEAT

AF COMP MEAT
VOL METAL ELEM
VOL "UO2 ELEM
VF H20 ELEM

VF U02 ELEM

VF VOID ELEM
MASS SS ELEM
VOL OF REG 3
VOL ‘SID PLA R3
VOL SS REG 3
ALPHA REG 3
SIG S REG 3

NU SIG F REG 3
D THER REG 3
N HYD REG 3

N $S REG 3

N NI REG 3

N MN REG 3

N SI REG 3

5011909107
4741290077
4981336033
4711654281
5270924765
5146993503
4976938806
4815279940

4781969277

5350247891

5264860396

5184934562

5223637612

5120353754
5018708479
0000000000
4920468970
48425648441
4831380866
4728873913
4663475878

0000000000

AF 0235 MEAT
AF OXY MEAT
AF B MEAT

VOL VOID ELEM

VOL SS ELEM

VOL B COMP ELEM

VF S$S ELEM

VF B COMP ELEM
R SUP X ELEM
MASS H20 ELEM
VOL BASK REG 3
VOL' DED EDGE R3
VOL H20 REG 3
SIG A REG 3

SIG TR REG 3

K THER REG 3.

L SQUARE REG 3

N OXY REG 3
N FE REG 3
N'CR REG 3°
N C REG 3

N MO REG 3

4856161844

4912058170

4746617129
5125209676
5263621547
4982900536
4920686550
4626955114
4929973420
5323693314
5211207584
5139365726

5241222784

4882057475

5016284812
0000000900

5024944574

4821274220

4821521933
4763367648
0000000G00

0000000G00

*

SL
"

3

*

¥*

*

*k

*"



OZ;J‘K,:H

67

68

69

70

‘71

72

73

74

75

16

77
78
79
80
81

82

66

83

84

VOL OF REG 4
VOL H20 REG 4

S

NU SIG F REG 4

D

N

N

N

VOL H20 REG 5
VOL OF REG 5

VF H20 REG 5

N

N

IG S REG &

THE REG 4
HYD REG 4
SS REG &
NI REG &
MN REG &

SI REG 4

OXY REG 5

U238 REG 5

SS REG &
NI REG 5
MN REG 5

SI REG 5

5226965552 ..
5218703767

- 5019564376

0000000000

4919907660

4846435026

4826076555

4722353605

4653065789
0000000000
5317672873
5321572435

4981923403

4828487379

4536470832
4812399057
4710385531
4618028941

0000000000

- VOL' BASK REG 4

SIG A REG 4

SIG TR REG &

K

L

N

N

VOL 'PLAT REG 5

VF PLAT REG 5

N

N

THE REG 4

SQUARE REG 4

OXY REG &
FE REG- 4
CR REG. 4
C REG &

MO REG 4

HYD REG 5
U235 REG 5
B10 REG 5
FE REG 5

CR REG 5

C REG 5

MO REG 5

5182617841

4871003059
5016743973
0000000000
5028037749
4823217513
4817985000
4753255366
0000000000
0000000000
5238995621
4918076596
4854844605
4649606816
4481528737
4786877481
4724924676
0000000000

0000000000

*

*

¥*




TOTAL CORE PARAMETERS

1 VOL B COMP CORE
2 " TOT VOL OF CORE
3 VOL S$S CORE
4 VOL METAL- CORE
5 VF $S CORE.
6 VF METAL CORE
| f VF B COMP' CORE
| 8 . MASS SS CORE
| 9 : MASS UO2 CORE
10 MASS B COM CORE .
11 R SUB C CORE

5144635791
5512839763
5424664859
5428597945
4917821735

4920663608

4632251846

5519478706

5427588475

5211315173

4926045563

VOL VOID CORE
VOL H20 CORE
VOL U0Z COURE
VF H20 CORE:
VF UO02 CORE

VF VOID CORE
MASS H20 CORE
MASS U235 CORE
MASS B10 CORE

MASS OF CORE

5313573964
5510979968
532531052 (
49 (Y33638 ¢
4818288266
4798075454
5510994242
5422500400

5115747880

5533243110

0000000200

3

¥*

A

%



